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1.  The  HIBAL  Program  was  initiated  in  FY79  as  part  of  the  Army/Navy  Area 
SAM  Advanced  Prototyping  Program  in  NAVSEA  62 R5  to  develop  and  demonstrate 
new  fragmentation  warhead  technology  for  defeat  of  bomber  aircraft.  The 
program  is  being  conducted  by  the  New  Mexico  Institute  of  Mining  &  Technology 
with  technical  support  from  NSWC  and  NWC/CL.  The  primary  emphasis  has  been 
on  obtaining  fuel  ingestion  kills  by  penetrating  through  the  large  bomber 
fuel  tanks  with  a  relatively  large  fragment  having  good  hydrodynamic  penetra¬ 
tion  capability.  This  same  fragment  design  has  also  been  shown  to  yield 
improved  capability  against  aircraft  engines  and  on-board  ordnance.  The 
enhancement  in  end-game  effectiveness  has  been  found  to  produce  not  only 
higher  probability-of-kill  (P^)  but  also  a  redundancy  of  killed  components 
which  should  yield  reduced  susceptibility  of  Pj<  to  future  changes  in  target 
descriptions  and  vulnerability  models.  Development  of  this  technology  is 
nearing  completion  with  the  final  Prototype  Demonstrations  scheduled  for 
early  FY81. 


2.  In  the  course  of  this  program,  a  considerable  amount  of  warhead  technology 
has  been  developed  in  the  areas  of  liquid  penetration,  fuel  dump  capability  and 
fragmentation  control.  A  series  of  four  reports  is  planned  to  document  this 
technology  to  ensure  maximum  utilization  of  this  data.  These  reports  will 
include : 


a.  Fragment  Drag  through  Liquids 

b.  Vulnerability  Modeling  Procedures  for  Fuel  Cells 

c.  Preliminary  Warhead  Design 

d.  End  Game  Analyses 

In  addition,  a  separate  report  will  be  published  documenting  the  Prototype 
Demonstration  firings  against  running  engines  as  well  as  a  final  report 
summarizing  all  work  under  this  program. 
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3.  Enclosures  (1)  and  (2),  Preliminary  Warhead  Design,  are  the  first  published 
in  this  series  of  reports.  This  report  documents  the  application  of  the  HIBAL 
fragment  designs  to  four  warhead  configurations  from  80  to  200  lb  using  both 
controlled  fragmentation,  with  an  opposed  grooving  technique,  and  preformed 
hexagonal  fragments.  Full  scale  warhead  test  results  verify  the  ability  to 
predict  warhead  performance  and  establish  guidelines  to  successfully  obtain 
good  fireformed  HIBAL  fragments.  These  tests  have  also  formed  the  basis  for 
defining  warhead  characterizations  for  each  of  the  HIBAL  configurations. 

An  additional  135  lb  warhead  and  200  lb  annular  warhead  are  currently  being 
tested  to  verify  the  new  fragmentation  control  guidelines.  These  tests  will 
be  reported  separately. 

4.  The  four  HIBAL  configurations  were  selected  to  be  compatible  with  current 
and  projected  missile  systems.  These  designs  represent  Advanced  Development 
Concepts.  Application  of  the  HIBAL  technology  to  a  specific  missile  system 
warhead  design  will  require  more  extensive  design  tradeoffs  in  a  number  of 
areas  including  threat  spectrum  weighting,  encounter  conditions,  warhead  size, 
warhead  shape,  length-to-diameter  ratio,  and  structural  design. 


I.M.  WILLIAMS,  III 
BY  DIKSCTIOS 


11 


NMT/TERA  NO.  T-80-1356-U 


TABLE  OF  CONTENTS 


TITLE  PAGE 


1.0  INTRODUCTION .  1 

1.1  Background .  1 

1.2  General  Design-Guidelines .  1 

1.3  Objectives .  3 

1.4  Approach .  3 

1.4.1  Warhead  Designs  .  3 

1.4. 1.1  Preformed  Fragment  Warheads .  3 

1.4. 1.2  Fi reformed  Fragment  Warheads  ....  4 

1.4.2  Testing  4 

2,0  RESULTS 

2,1  Detailed  Warhead  Test  Results.  ....  .  4 

2.1.1  Summary  of  Warhead  Test  Conditions,  Explana¬ 
tion  of  Page  Numbering  System,  and  Definitions 

of  Terms  Used  in  Results.  . .  4 

TEST  QN0225A0  -  8-inch,  80-lb,  FIREFORMED-FRAGMENT  WARHEAD 

2.1.2  Test  1,  QN0225A0 .  225-1 

2. 1.2.1  Design  Summary  and  Rationale  ....  225-1 

2. 1.2.2  Description  of  Test  Objectives  and 

Test  Arena .  225-2 

2. 1.2.3  Description  of  Test  Results .  225-3 

TEST  QN0311A0  -  11.5-inch,  135-lb  FIREFORMED-FRAGMENT  WARHEAD 

2.1.3  Test  2,  QN0311A0 .  311-1 

2. 1.3.1  Design  Summary  and  Rationale  ....  311-2 

2. 1.3.2  Description  of  Test  Objectives  and 

Test  Arena .  311-3 

2. 1.3.3  Description  of  Test  Results .  311-3 

TEST  QN0319A0  -  8-inch,  80-lb  PREFORMED- FRAGMENT  WARHEAD 

2.1.4  Test  3,  QN0319A0, .  319-1 

2. 1.4.1  Design  Summary  and  Rationale  ....  319-1 

2. 1.4. 2  Description  of  Test  Objectives  and 

Test  Arena  ,  . .  319-1 

2. 1.4. 3  Description  of  Test  Results .  319-1 

TEST  QN0328A0  -  11,5-inch,  200-lb  FIREFORMED-FRAGMENT  WARHEAD 

2.1.5  Test  4,  QN0328A0 .  328-1 

2. 1.5.1  Design  Summary  and  Rationale  ....  328-1 

2. 1.5.2  Description  of  Test  Objectives  and 

Test  Arena  .  328-2a 

2. 1.5. 3  Description  of  Test  Results .  328-2a 


NMT/TERA  NO.  T-80-1356-U 
TABLE  OF  CONTENTS  (con't) 


TITLE 


PAGE 


TEST  QN0409A0  -  19-inch  ANNULAR,  200-1b  FIREFORMED-FRAGMENT/ 
PREFORMED- FRAGMENT  COMBINATION-WARHEAD 


2.1.6  Test  5,  QN0409A0 .  409-1 

2. 1.6.1  Design  Summary  and  Rationale  ....  409-1 

2. 1.6.2  Description  of  Test  Objectives  and 

Test  Arena .  409-3 

2. 1.6.3  Description  of  Test  Results .  409-3 

TEST  QN0429A0  -  11.5-inch,  200-lb,  PREFORMED- FRAGMENT/ 

F I RE  FORMED- FRAGME  NT  COMB I NAT I ON -WARHEAD 

2.1.7  Test  6,  QN0429A0 .  429-1 

2. 1.7.1  Design  Summary  and  Rationale  ....  429-1 

2. 1.7. 2  Description  of  Test  Objectives  and 

Test  Arena .  429-2 

2. 1.7.3  Description  of  Test  Results .  429-3 

TEST  QN0514A0  -  11.5-inch,  135-lb  PREFORMED- FRAGMENT/ 

F I REFORMED- FRAGMENT  COMB I NAT I ON- WARHEAD 

2.1.8  Test  7,  QN0514A0 .  514-1 

2. 1.8.1  Design  Summary  and  Rationale  ....  514-1 

2. 1.8.2  Description  of  Test  Objectives  and 

Test  Arena .  514-2 

2. 1.8.3  Description  of  Test  Results .  514-2a 

2.2  Summary  of  Warhead  Test  Results .  9 

2.2.1  Summary,  PREFORMED- FRAGMENT  WARHEADS .  9 

2.2. 1.1  Velocity  .  9 

2.2. 1.2  Polar  Angle .  9 

2. 2. 1.3  Fragment  Quality  .  9 

2.2.2  Summary,  FIREFORMED-FRAGMENT  WARHEADS  ....  10 

2.2.2. 1  Velocity  . .  10 

2. 2. 2. 2  Polar  Angle .  10 

2. 2. 2. 3  Summary .  10 

2. 2. 2. 4  Summary  of  the  Design  Evolution  for 
the  Fireformed-Fragment,  Opposed 

Groove,  Warheads  .  12 

3.0  CONCLUSIONS 

3.1  Concerning  Fragment  Ejection  Characteristics  ....  20 

3.1.1  Fragment  Velocity  (Fi reformed  vs  Preformed)  .  20 

3.1.2  Polar  Angle .  20 

3.2  Concerning  the  Opposed  Groove  Fireforming  Technique 

For  Generating  Hibal  Fragments  .  20 

3.3  Warhead  Models  Formulated  For  Use  in  End  Game 

Analyses .  20 


NMT/TERA  NO.  T-80-1356-U 
TABLE  OF  CONTENTS  (con't) 


TITLE  PAGE 


3.4  Guidelines  For  the  Design  of  Future  Warheads.  ...  21 

3.4.1  Warhead  Characterization  .  21 

3.4.2  Opposed-Groove  Design .  21 

3.4.3  Structural  Strength .  21 

4.0  EVALUATION  OF  UNCERTAINTIES 

4.1  For  Both  Preformed  and  Fireformed  Fragment  Warheads  22 

4.1.1  End  Configuration .  22 

4.1.2  Shroud  Details .  22 

4.2  Preformed  Fragment  Warheads  .  22 

4.2.1  Skin  Thickness .  22 

4.3  Fireformed  Fragment  Warheads .  22 

4.3.1  Fragment  Case  Alloy .  22 

WARHEAD  CHARACTERIZATIONS  .  23-30 

PREDICTED  FRAGMENT  EJECTION  CHARACTERISTICS  .  31-38 

DESIGN  FOR  WARHEADS  USING  PREFORMED  HEX-HIBAL  FRAGMENTS  ...  39 

DESIGN  FOR  WARHEADS  USING  FIREFORMED  HIBAL  FRAGMENTS .  40 

DISTRIBUTION  LIST .  41-43 


THE  FOLLOWING  APPENDICES  MAY  BE  FOUND  IN  VOLUME  II: 

APPENDIX  I  SUMMARY  OF  FRAGMENT  MAT  TEST  CONDUCTED  IN  SUPPORT 
OF  THE  FIREFORMED  FRAGMENT  WARHEAD  DESIGNS 

APPENDIX  II  RESIDUAL  WEIGHT  OF  560-gr  FRAGMENTS  AFTER 
10,000-ft/sec  IMPACTS  WITH  THIN  STAINLESS 
STEEL  TARGETS 

APPENDIX  III  METHODOLOGY  FOR  PREDICTING  WARHEAD  FRAGMENT 

VELOCITY  AND  POLAR  EJECTION  ANGLE  CHARACTERIZATIONS 


APPENDIX  IV 


19-inch-DIAMETER  WARHEAD-SECTOR  CALIBRATION-TESTS 


•j-T"*"  ••-'*** 


1 


l.n  I NTRODUCT I  ON 


BACKGROUND 

his  report  presents  the  results  of  tests  done  under  the  Preli- 
minary-Wa. head-Des ion  Task  of  the  HIBAL  Program.  In  this  preliminary 
testing  stage,  basic  engineering  data  were  collected  on  the  performance 
of  various  HIRAL-fragments,  and  various  HIBAL- warheads.  The  results 
obtained  from  these  tests  will  he  used  to  provide  warhead  models  for  the 
2nd  phase  of  the  HIBAL  end-game-analysis  effort.  The  warheads  showing 
the  greatest  lethality  (highest  Pk)  in  the  analysis  will  be  selected  for 
the  design  and  fabrication  of  a  set  of  prototype  warheads  for  use  in 
demonstration  firings  scheduled  for  the  fall  of  1980. 


1.2  GENERAL  DESIGN-GUIDELINES 


The  first  year's  effort  in  HIBAL  consisted  of  a  survey  of  aero¬ 
space  contractors  to  identify  potential  HIBAL  applications,  creation  of 
a  HIBAL-fragment  vulnerability-data-base,  and  a  preliminary  end-game 
analysis  comparing  numerous  HIBAL  "paper"  designs. oThis  effort  resulted 
in  a  set  of  guidelines  for  the  preliminary  warhead/ designs  that  are 
discussed  below. 


Warhead  Sizes:  The  aerospace-contractor  survey  defined  four  base¬ 
line  HIRAL-warhead  sizes;  1)  8-inch  O.D.,  80-lb,  2)  11-1/2-  inch 
O.D. ,  135-lb,  3)  11-1/2-inch  O.D.,  200-lb,  and  4)  19-inch  O.D., 
10-1/2-inch  I.D.,  200-lb.  Designs  1,  2,  and  3  are  solid 
cylinders,  while  design  4  is  an  annulus  with  a  10-1/2-inch  I.D. 

The  various  shrouds  associated  with  the  missiles  were  also 
identified  in  the  survey.  (NOTE:  Shrouds  can  effect  both  fragment 
velocity  and  quality  and  thus  need  to  be  included  in  warhead 
characterization  tests.) 

Fragment  Sizes:  The  HIBAL  vulnerability/lethality  testing  was 
done  with  700- ,  1200-  and  2000-grain  HIBAL-fragments,  and  the 
"paper"  designs  for  the  first  phase  HIBAL  end-game  analysis  in¬ 
cluded  these  three  fragment  sizes.  The  end-game  analysis  resulted 
in  the  700-grain  fragment  being  selected  as  the  best  choice  of  the 
above  three  sizes.  At  the  January,  1980  HIBAL  program  review 
meeting  it  was  decided  to  acquire  data  for  500-  and  900-grain 
fragments,  as  well  as  for  700-grain  fragments,  to  enable  the 
second  phase  analysis  to  determine  the  sensitivity  of  P,  to  a 
choice  of  fragments  over  the  range  of  500-  to  900-grains. 

Fragment  Ejection  Velocities:  Because  the  first-phase  end-game 
analysis  had  determined  that  5000-  to  6000-ft/sec  (static)  ejection 
velocity  was  sufficient  for  the  encounter  conditions  that  were 
studied,  5000-ft/sec  to  5500-ft/sec  was  set  as  the  guideline  for  the 
preliminary  warhead  designs.  It  should  be  noted  that  the  targets 
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were  heavily  weighted  towards  manned  aircraft,  not  cruise  missiles. 

If  the  cruise  missiles  were  heavily  weighted,  the  ejection-velocity 
requirements  would  go  up. 

Fragment  Shapes;  The  design  choice  was  to  use  the  maximum 
warnead-case-thicknesses  consistent  with  the  above  ejection- 
velocity  guidelines,  because  thick  cases  can  generate  "chunky" 
fragments  that  are  shaped  best  to  survive  target  impacts  and  to 
penetrate  fuel. 

Fragment  Alloys:  It  was  determined  in  the  vulnerability  testing 
that  mi Id -steel  fragments  deform  at  anticipated  warhead  shroud  and 
target  impact  conditions,  and  that  properly  heat-treated,  alloy- 
steel  fragments  would  better  survive  these  impacts  as  demonstrated 
in  the  tests  reported  in  Appendix  2.  The  preliminary  warhead  designs 
all  utilized  alloy  steels,  as  discussed  in  the  "results"  section. 

Warhead  Style:  Two  separate  warhead -styles  were  included  in  the 
preliminary  designs.  The  first  style  used  pre-formed,  hexagonal, 
HIBAL  fragments  laid  inside  an  outer  skin.  The  second  style  used 
a  solid  case,  scored  inside  and  out  with  "opposed-grooves' to  pro¬ 
duce  "fireformed  fragments"  of  a  controlled  shape  and  size.  The 
preformed  fragments  have  adequate  fuel  cell  penetration  capability, 
as  demonstrated  in  liquid  drag  tests.  The  solid-case  design 
associated  with  the  fireformed  fragments  has  some  potential  advan¬ 
tages.  For  example,  the  elimination  of  a  need  for  inner  and  outer 
skins  associated  with  preformed  fragment  cases  permits  fireformed 
fragments  to  be  thicker,  therefore  to  have  smaller  surface  dimensions 
to  give  the  same  weight  fragment,  thus  providing  a  more  compact 
fragment  and  a  better  fuel  penetrator.  Opposed  grooves  were  used 
because  existing  Pearson-type  grooving  technology  or  liner  technology 
does  not  produce  fragments  that  have  good  drag  characteristics  due 
to  the  fragments  shape  and  roughness.  Opposed  grooves  showed  feasi¬ 
bility  for  achieving  fireformed  fragments  having  acceptable  drag 
characteristics.  At  this  point  in  HIBAL,  both  styles  are  considered 
to  be  design  candidates. 

Preliminary  Designs:  The  design  guidelines  recommended  after  the 
January  1980  HIBAL  Program  Review  resulted  in  four  warhead  configur¬ 
ations  being  defined  for  full-scale  characterization  and  engineer¬ 
ing  tests: 

A.  Solid  80-lb  with  500-grain  (fireformed)  and  700-grain 
(pre-  and  fireformed)  fragments. 

B.  Solid  135-lb  with  700-grain  (pre-  and  fireformed)  and 
900-grain  (fireformed)  fragments. 

C.  Solid  200-lb  with  700-grain  (pre-  and  fireformed)  and 
900-grain  (fireformed)  fragments. 

0.  Annular  200- lb  with  700-grain  (pre-  and  fireformed)  and 
900-grain  (fireformed)  fragments. 
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The  devices  actually  designed  and  tested  differed  somewhat  from  the 
above  recommendations  in  that  all  three  fragment  sizes  (500- ,  700-  and 
900-grain)  were  included  in  all  four  warhead  sizes.  This  was  possible 
because  of  the  large  amount  of  data  surface  available  in  all  the  warhead 
sizes,  and  was  deemed  desirable  because  it  would  provide  models  of  all 
three  fragment  sizes  for  each  of  the  four  warheads  in  the  second-phase 
end-game  analysis. 


1.3  OBJECTIVES 

The  basic  objectives  of  the  test  program  included: 

1.  Generation  of  data  on  fragment  polar  ejection-angles, 
velocities,  shapes,  and  weights  for  each  of  the  preliminary 
warhead  designs. 

2.  Utilization  of  the  generated  data  to: 

A.  Recommend  any  warhead  design  alterations  which  may  be  re¬ 
quired  (for  example,  if  a  particular  shroud  configuration 
shattered  the  fragments,  a  design  alteration  would  be 
required). 

B.  Formulate  warhead  characterization  models  to  be  used 
in  the  second  phase  end  game  analysis. 


1.4  APPROACH 


1.4.1  WARHEAD  DESIGNS 


1.4. 1.1  PREFORMED  FRAGMENT  WARHEADS 

Warhead  case  thickness  and  length  dimensions  for  the  various  warhead 
diameter  choices  were  guided  by  the  weight  limitations  and  by  the  velocity 
constraints  imposed,  using  the  prediction  methodology  presented  in  Appendix 

3.  Only  an  outside  skin  was  used,  with  hoops  provided  at  each  end  to  pro¬ 
vide  rigidity.  The  inside  skin  that  would  be  required  in  a  final  warhead 
design  was  not  considered  necessary  at  this  level  of  the  testing  effort, 
because  the  structural  strength  was  not  needed,  and  the  effect  of  the  thin 
skin  (0.010-inch  thick)  on  performance  was  deemed  negligible.  The  fragments 
were  arranged  on  the  inside  of  the  skin  and  potted  in  laminae.  Hand-packed 
C-4  explosive  was  used  in  all  the  tests. 


1.4. 1.2  FIREFORMED  FRAGMENT  WARHEADS 


Warhead  case  thickness  and  length  dimensions  for  the  various  warhead 
diameter  choices  were  guided  by  the  weight  limitations  and  by  the  velocity 
constraints  imposed,  using  the  prediction  methodology  presented  in  Appendi 
III.  The  approach  used  to  design  the  opposed-grooves  was  to  use  the 
shallowest  grooves  which  would  fireform  fragments  of  the  desired  shape  and 
weight.  Shallow  grooves  would  leave  the  warhead  case  strongest,  would 
remove  the  least  metal  and  would  permit  faster  and  easier  fabrication  of 
the  warhead  case.  Hand-packed  C-4  explosive  was  used  in  all  the  tests. 

See  section  2.1.1  for  definitions  of  the  terms  used  in  discussing  fire- 
formed  warheads,  and  also  see  Figure  1. 


1.4.2  TESTING 

Witness  sheets  were  used  to  record  fragment  hit  locations  for  the 
measurement  of  polar  ejection  angles  and  to  measure  fragment  velocities 
using  high-speed  cameras.  Celotex  was  used  to  recover  fragments  so  as  to 
measure  fragment  weights  and  to  provide  a  record  of  the  fragment  shapes 
attained. 

Prior  to  testing  the  first  fireformed  warhead  a  series  of  mat  tests 
were  made  to  generate  some  design  data  for  the  opposed  groove  technique. 
The  mat  tests  were  much  cheaper  and  faster  than  tests  of  full  scale 
warheads  would  have  been.  The  design  of  the  first  warhead  was  based  on 
the  results  of  these  mat  tests. 


2.0  RESULTS 


2.1  DETAILED  WARHEAD  TEST  RESULTS 


2.1.1  SUMMARY  OF  WARHEAD  TEST  CONDITIONS,  EXPLANATION  OF  PAGE  NUMBERING 
SYSTEM,  AND  DEFINITIONS  OF  TERMS  USED  IN  RESULTS 

Table  2.1.1,  presents  a  summary  of  the  physical  characteristics  of 
the  warheads  in  each  of  the  tests.  The  tests  are  presented  in  chronolo¬ 
gical  order,  which  is  the  sequence  shown  in  Table  2.1.1.  The  page  numbers 
and  figure  numbers  used  in  this  section  are  tied  to  the  NMT  test  number. 
For  example,  the  first  test  conducted  in  the  series  was  NMT  test  number 
QN0225A0.  Therefore  the  page  numbers  and  figure  numbers  associated  with 
this  test  are  prefaced  by  225-  (i.e.,  225-1,  225-2,  etc.).  The  follow¬ 
ing  pages  and  figures  are  numbered  similarly. 


Definitions  of  certain  terms  used  in  the  discussion  of  the  designs 
of  fi reformed  warheads  are  presented  below.  Refer  to  Figure  1. 

1.  Longitudinal  Grooves 

Grooves  parallel  to  the  warhead  axis. 

2.  Circumferential  Grooves 

Grooves  perpendicular  to  the  warhead  axis. 

3.  Inside  Grooves 

Grooves  on  the  inside  of  the  warhead  case. 

4.  Outside  Grooves 

Grooves  on  the  outside  of  the  warhead  case. 

5.  Groove  Angle 

Interior  (apex)  angle  of  the  groove. 

6.  Lon gi tu din al -Groove  Spacing 

Circumferential  distance  between  the  longitudinal  grooves. 

7.  Circumferential-Groove  Spacing 

Longitudinal  distance  between  the  circumferential  grooves. 

8.  Metal  Remaining  Between  Grooves 

The  thickness  of  metal  remaining  between  the  apexes  of  the 
inside  and  outside,  opposed  grooves. 

In  all  tests,  the  warhead  case  was  of  heat  treated  alloy,  and 
Table  2.1.2  summarizes  the  heat- treatment  procedures. 

Appendix  III  presents  the  methodology  used  to  predict  fragment 
ejection  velocities  and  polar  angles. 
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TABLE  2.1.2 

SUMMARY  OF  HEAT  TREATMENT  PROCEDURES 
USED  IN  EACH  OF  THE  WARHEAD  TESTS 


TEST 

NO. 

WARHEAD 

CASE 

MATERIAL 

HEAT  TREATMENT  PROCEDURE 

MEASURED 

RC 

HARDNESS 

QN0225A0 

4130 

Quenched  from  1575  degrees  in 
water,  tempered  at  800  degrees 

43 

QN0311A0 

4140 

Quenched  from  1550  degrees  in 
oil,  tempered  at  800  degrees 

40-42 

QN0319A0 

4130 

Quenched  from  1575  degrees  in 
water,  tempered  at  800  degrees 

42 

QN0328A0 

4140 

Quenched  from  1550  degrees  in 
oil,  tempered  at  800  degrees 

37-42 

QN0409A0 

4130 

Quenched  from  1575  degrees  in 
oil,  tempered  at  800  degrees 

42 

QN0429A0 

4140 

(Fi reformed) 

Quenched  from  1550  degrees  in 
oil,  tempered  at  800  degrees 

37-42 

4130 

(Preformed) 

Quenched  from  1575  degrees  in 
oil,  tempered  at  800  degrees 

44-47 

QN0514A0 

SSS-100 
(Fi reformed) 

Quenched  from  1650  degrees  in 
oil,  tempered  at  800  degrees 

42 

HY-80 

(Fireformed) 

Quenched  from  1640  degrees  in 
oil,  tempered  at  800  degrees 

40-43 

4130 

(Preformed) 

Quenched  from  1575  degrees  in 
oil,  tempered  at  800  degrees 

40-42 

NOTE:  All  temperatures  refer  to  the  Fahrenheit  scale. 


PAGE  6 


M= 

METAL 
TH1CKNE 
BETWEEN 
INSIDE  - 


2.1.2  TEST  1,  QN0225A0 


2. 1.2.1  DESIGN  SUMMARY  AND  RATIONALE 

The  basic  design  characteristics  of  the  warhead  (Figure  225-1)  fired 
in  Test  1  were: 

OUTSIDE  DIAMETER:  8- inch 

INSIDE  DIAMETER:  2-inch 

LENGTH:  15-inch 

CASE  THICKNESS:  0.438-inch 

CASE  MATERIAL:  SAE  4130  (RC-42) 

FRAGMENT  TYPE:  FI RE FORMED 

WARHEAD  WEIGHT:  80- lb 

SHROUD:  0.050-inch  titanium,  with  1-inch 

urethane  foam  insulation 

The  2-inch  inside  diameter  was  used  because  it  is  a  typical  cavity- 
size  (for  safe-and-arm  requirements)  in  warheads  of  this  size-range. 

The  case  thickness  and  length  combination  was  designed  to  provide  frag¬ 
ment  velocities  between  5000  and  5500-ft/sec  (after  passing  through  the 
missile  shroud)  and,  also,  to  maintain  the  80-lb  weight  limitation.  SAE 
4130  alloy  was  used  for  the  fragment  case  based  on  the  design  guidelines 
generated  by  the  results  of  the  mat  tests  (presented  in  Appendix-I). 

The  shroud  design.  Figure  225-2,  was  based  on  information  provided  by 
missile  manufacturers. 

The  fragment  case  was  grooved  circumferentially  to  provide  for  15 
rows  of  equal-length  fragments,  each  0.933  -inch  long  (i.e.  0.933-inch 
spacing  between  grooves).  The  spacing  between  longitudinal  grooves  was 
varied  to  determine  if  the  spacing  significantly  affected  fragment  qual¬ 
ity.  The  spacings  tested  were  0.75-,  0.875-,  1.0-  and  1.25-inch.  (NOTE: 
The  weight  of  the  fragments,  if  ejected  with  no  loss  of  weight  during  the 
fireforming  process,  would  be  550-,  640-,  740-  and  840-grains,  for  the 
respective  spacings.  These  weights  were  designed  to  be  on  the  heavy  side 
with  the  expectation  that  fireforming  losses  would  bring  the  fragments 
down  to  their  appropriate  nominal  weights. 

The  interior  angle  of  all  the  grooves  in  this  warhead  (and  all  the 
following  warheads)  was  37°.  This  angle  was  used  because  the  attanpt  to 
machine  smaller  angles  resulted  in  excessive  shaper-tool  breakage  (and 
in  significantly  increased  fabrication  time). 

From  the  mat  firings  (Appendix  1)  for  this  warhead  case-thickness, 
the  depth  of  the  longitudinal  grooves  should  be  about  0.095-inch  deep 
(Inside  and  outside,  or  a  total  depth  of  0.19-inch)  and,  near  the  booster- 
end,  the  depths  of  the  circumferential  grooves  should  be  0.095-inch 
(Inside  and  outside,  or  a  total  depth  of  0.19-inch)  and,  near  the  non¬ 
booster-end  0.130-inch  (inside  and  outside,  or  a  total  depth  of  0.26-inch). 
Variations  around  the  above  groove  depths  were  made  in  this  test  device, 
to  Increase  the  likelihood  of  encompassing  groove  depths  that  would  pro¬ 
duce  good  results. 
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The  longitudinal  groove  depths  were: 


INSIDE  GROOVE 
DEPTH  (inch) 

OUTSIDE  GROOVE 
DEPTH  (inch) 

METAL  REMAINING 
BETWEEN  GROOVES 
(inch) 

0.090 

0.060 

0.285 

0.258 

0.100 

0.258 

0.110 

0.080 

0.248 

0.100 

0.100 

0.238 

0.110 

0.110 

0.218 

0.120 

0.120 

0.198 

The  circumferential  grooves  were  of  variable  depth  around  the  cir¬ 
cumference  of  the  warhead  but,  at  a  given  circumferential  location,  the 
inside-groove  depth  equalled  the  outside-groove  depth. 


GROOVE 

NUMBER 

MINIMUM 

GROOVE  DEPTH 
( i nch ) 

MAXIMUM 

METAL 

REMAINING 

BETWEEN 

GROOVES 

(inch) 

MAXIMUM 

GROOVE  DEPTH 
( inch) 

MINIMUM 

METAL 

REMAINING 

BETWEEN 

GROOVES 

(inch) 

1,  2,  3,  4, 

0.080 

0.278 

0.125 

0.188 

(booster  end) 

5,  6,  7,  8 

0.090 

0.258 

0.135 

0.168 

9,  10,  11,  12 

0.100 

0.238 

0.145 

0.148 

13,  14,  15,  16 

0.110 

0.218 

0.155 

0.128 

Note  (in  Figure  225-1)  that  the  location  of  deepest  longitudinal  grooves 
corresponded  (approximately)  to  the  location  of  the  deepest  circumferen¬ 
tial  grooves,  and  the  location  of  the  shallowest  longitudinal  grooves 
corresponded  to  the  location  of  the  shallowest  ci rcumferential  grooves. 


2. 1.2.2  DESCRIPTION  OF  TEST  OBJECTIVES  AND  TEST  ARENA 

The  objectives  of  this  test  included  recovering  a  sample  of  fragments 
from  each  opposed-groove  design-choice,  and  characterizing 
the  warhead  fragment-pattern  in  terms  of  fragment  polar-ejection  angle 
and  of  fragment  velocity.  Celotex  was  used  to  recover  the  fragments,  and 
steel  witness  sheets  were  used  to  record  fragment  pattern  and  as  flash 
screens  for  velocity  measurements.  A  plan  view  of  the  test  arena  is  shown 
in  Figure  225-7,  and  photographs  of  the  arena  are  shown  in  Figures  225-12 
and  225-13. 


PAGE  225-2 


2. 1.2. 3  DESCRIPTION  OF  TEST  RESULTS 


A.  Fragment  Quality 

Judgement  of  the  success  or  failure  of  each  opposed-groove  design 
is  based  on  two  factors,  the  shape  of  the  fragment  and  the  weight  of  the 
fragment.  The  shape  of  the  fragment  is  important  because,  if  not  correct, 
fragment  individual  weights  vary  and  fragment  survivability  during  im, act 
with  the  target  is  decreased. 

1.  Longitudinal  Grooves 

The  quality  of  the  fragment  breakout  along  the  longitudinal  grooves 
is  given  in  relative  terms,  in  the  table  below.  The  term  "borrowed"  means 
that  the  fragments  did  not  breakout  properly,  some  fragments  having  some 
of  the  steel  attached  to  than  that  should  have  remained  with  neighboring 
fragments. 


luSSSI 

OUTSIDE 
DEPTH 
( i nch ) 

METAL  REMAINING 
BETWEEN  GROOVES* 

( inch) 

BREAKOUT  QUALITY 

0.090 

0.288 

Poor  -  all  fragments  "borrowed" 

0.090 

0.258 

Poor  -  almost  all  fragments  "borrowed" 

0.080 

0.258 

Poor  -  almost  all  fragments  "borrowed" 

0.080 

0.248 

Fair  -  50%  of  fragments  "borrowed" 

0.100 

0.100 

0.238 

Good  -  20%  of  fragments  "borrowed" 

0.110 

0.218 

Very  Good  -  10%  of  fragments  "borrowed" 

0.120 

0.120 

0.198 

Excellent  -  no  fragment  borrowing 

Fragments  of  the  desired  quality  are  illustrated  in  Figure  225-4,  and  the 
poorest-qual i ty  fragments  are  illustrated  in  Figure  225-5. 


*  The  metal  regaining  between  groove  apexes  was  not  shown  to  be  a 
significant  parameter  until  much  of  the  test  program  was  completed. 
Results  are  presented  in  terms  of  this  parameter,  to  explain  why  certain 
groove  designs  work,  and  others  do  not. 
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2 .  Ci rcumferential  Grooves 


The  fragment  breakout  along  the  circumferential  grooves  was  excellent, 
except  for  two  minor  faults.  These  were,  (1)  occasional  fragment  doubles  or 
lengthwise  pairings  occurred  (Figure  225-5)  and,  (2)  when  the  internal 
circumferential  grooves  exceeded  0.120-inch  depth  (Figure  225-6),  the  non- 
booster-er.d  inside  corners  of  the  fragment  broke  off. 


CIRCUMSTANCES  WHERE  FRAGMENT  DOUBLES  OCCURRED 


FRAGMENT 

ROW 

FRAGMENT 

DOUBLES 

INSIDE  GROOVE 
DEPTH  (inch) 

OUTSIDE  GROOVE 
DEPTH  (inch) 

METAL  REMAINING 
BETWEEN  GROOVES' 
(inch) 

1,  2 

NONE 

3,  4 

YES 

0.118 

0.118 

0.202 

5,  6,  7,  8 

YES 

0.113 

0.113 

0.212 

9,  10,  11,  12 
13,  14,  15,  16 

YES 

NONE 

0.100 

0.110 

0.238 

Fragment  weights  are  presented  in  two  tables  for  each  longitudinal  groove 
spacing,  one  which  lists  the  fragments  which  could  be  identified  by  row 
origin,  and  one  which  lists  all  recovered  fragments.  The  tables  are 
located  on  pages  225-20  through  225-25. 


B.  Fragment  Pattern  and  Velocity 

Fragment  patterns  from  the  witness  sheets  are  plotted  in  Figures 
225-8  and  225-9.  Photos  of  the  witness  sheets  appear  in  Figures  225-14 
and  225-15.  Coordinates  of  the  fragment  hit-locations  are  presented  in 
Figure  225-10.  The  fragment  velocity  and  polar-ejection-angle  charac¬ 
terization  are  summarized  in  Figure  225-11. 


C.  Conclusions 


There  is  no  need  for  further  8-inch  diameter,  80-lb,  fireformed 
warhead  tests.  The  recovered  fragment  shapes  and  weights  were  sati s factory, 
and  the  pattern  and  velocity  data  were  adequate  to  formulate  warhead  char¬ 
acterization  models  for  the  second  phase  end-game  analysis. 
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TEST  QN0225A0 

WARHEAD  DESIGN 
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FIGURE  225-1 


TEST:  QN0225A0 


WARHEAD  COMPONENTS  PRIOR  TO  ASSEMBLY  AND  LOADING 


0  1  2 
INCHES 

QN0225AO 


RESULTING 

FRAGMENT 

SHAPE 


y\ _ As _ 

'longitudinal  GROOVE 


H.E.  SIDE 

FRAGMENT  SHAPE  RESULTING  WHEN  THE  METAL  REMAINING  BETWEEN 
LONGITUDINAL  INSIDE  AND  OUTSIDE  GROOVES  IS  BETWEEN  0.200"  AND  0.240" 


EXAMPLE  FRAGMENTS  FROM  TEST  QN0225A0 
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FIGURE  225 


1 


r 

i 

i 

i 


|  OUTSIDE  VIEW  OF  FRAGMENTS 


I 


l 

I 


RESULTING 

FRAGMENT 

SHAPE 


” 'r\SSs/'/^ 


FRACTURE 


\  / 


H.E.  SIDE 


METAL  REMAINING 
BETWEEN  CIRCUMFERENTIAL 
GROOVES  WAS  TOO  THICK 
AS  ILLUSTRATED  BY 
FRAGMENT  LENGTHWISE 
PAIRING 


I 


LONGITUDINAL  GROOVE 

REDUCED-WEIGHT  FRAGMENTS  RESULTING  WHEN  METAL  REMAINING 
BETWEEN  INSIDE  AND  OUTSIDE  LONGITUDINAL  GROOVES  WAS  0.280  OR  MORE 

EXAMPLE  FRAGMENTS  FROM  TEST  QN02/5A0 
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FIGURE  225-5 


ILLUSTRATION  SHOWING  THE  FRACTURE  WHICH  OCCURRED  WHEN  THE 
INSIDE  CIRCUMFERENTIAL  GROOVES  EXCEEDED  0,120"  DEPTH 

EXAMPLE  FRAGMENTS  FROM  TEST  QN0225A0 

n 
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FIGURE  225-6 


FA STAX 
CAMERA 


FA  STAX 
CAMERA 


TEST  QN0225A0 

8"  O.D. ,  80-LB,  FIRE-FORMED  HIBAL  FRAGMENT  WARHEAD 
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FIGURE  225-7 
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FIGURE  225-8 


TEST  QN0225A0 


COORDINATES*  OF  FRAGMENT  HIT  LOCATIONS  (INCHES)  ON  THE 
WITNESS  SHEETS  AT  15-FT  RADIUS 


FRAGMENT 

ROW 

NUMBER 

WITNESS  SHEET 
"A" 

WITNESS  SHEET 
"C" 

I  COLUMN  1 

1  COLUMN  2 

I  COLUMN  1 

1  COLUMN  2 

HORIZ. 

VERT. 

HORIZ. 

VERT. 

HORIZ. 

VERT. 

HORIZ. 

VERT. 

1 

59 

+28 

• 

43 

+22 

2 

35 

+15 

63 

-  6 

46 

+21 

3 

30 

-  5 

63 

-  6 

39 

-  7** 

4 

26 

-  8** 

68 

-  7 

39 

-  6** 

— , 

5 

26 

_  g *★ 

59 

-15 

35 

-16 

72 

-16 

6 

29 

-13 

55 

-21 

32 

-19 

67 

-23 

7 

25 

-21 

54 

-23 

30 

-22 

60 

-24 

8 

20 

-22 

55 

-28 

28 

-25 

63 

-26 

9 

20 

-26 

48 

-24 

26 

1 

ro 

60 

-28 

10 

17 

-27 

49 

-26 

22 

-28 

58 

-30 

11 

13 

-29 

48 

-31 

21 

-30 

54 

-31 

12 

12 

-33 

49 

-33 

16 

-31 

52 

-33 

13 

10 

-33 

42 

-31 

15 

-33 

50 

-32 

14 

9 

-33 

41 

-35 

10 

-32 

49 

-31 

15  | 

6 

-37 

34 

-31 

6 

-31 

43 

-28 

*  Vertical  measurements  are  measured  from  the  top  of  the  warhead 
aimline;  horizontal  measurements  are  measured  from  the  left  hand 
side  of  the  witness  sheet  as  viewed  from  the  fragment  exit  side. 

**  Fragments  paired  together. 
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FIGURE  225-10 


TEST:  QN0225A0 


VIEW  OF  WARHEAD  IN  PLACE  IN  TEST 
ARENA  WITH  SHROUD  REMOVED 


WARHEAD  IN  TEST  ARENA  WITH 
SHROUD  INSTALLED 
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FIGURE  225-12 
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FIGURE  225-17 
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TEST  QN0311A0 

5" j  135-lb  FI  REFORMED-FRAGMENT  WARHEAD 


2.1.3  TEST  2,  QN0311A0 


2. 1.3.1  DESIGN  SUMMARY  AND  RATIONALE 

The  >  asic  design  characteristics  of  the  warhead  (Figure  311-1)  in 
this  test  were: 


OUTSIDE  DIAMETER: 
INSIDE  DIAMETER: 
LENGTH: 

CASE  THICKNESS: 
CASE  MATERIAL: 
FRAGMENT  TYPE: 
WEIGHT: 

SHROUD: 


11.5-i nch 
2.875-inch 
14.0-inch 
0.5-inch 

SAE  4140,  (RC40-42) 

Fi refo rmed 
135-lb 

Double  walled  steel,  0.020-inch  inside, 
0.030-inch  steel  outside,  with  1-inch 
urethane  foam  between  warhead  and  shroud 


The  2.875-inch-inside  diameter  is  a  typical  cavity  size  for  safe- 
and-arm  devices  in  warheads  of  this  size.  The  length  and  case-thickness 
combination  was  designed  to  provide  for  fragment  velocities  between  5000- 
and  5500-ft/sec,  after  passing  through  the  missile  shroud.  SAE  4140  case- 
material  was  used  because  the  design-choice  of  SAE  4130  tubing  could  not 
be  found  in  this  size.  The  warhead  was  designed  to  generate  15  rows  of 
equal-length  fragments  (0.867-inch  long).  The  ends  of  the  warhead  were 
tapered  to  reduce  end  effects  on  fragment  pattern  and  velocity.  Three 
choices  of  spacing  between  the  longitudinal  grooves  were  tested  (0.75- , 
0.906-,  and  1.188-inch  inside-spacing).  The  theoretical  weights  of  these 
fragments  (after  grooving  but  with  no  loss  due  to  fire-forming)  are  about 
630-,  780- ,  and  1010-grains,  respectively.  The  amount  of  weight  in 
excess  of  the  nominal  values  of  500,  700,  was  expected  to  be  lost  during 
firing. 

The  first  test,  QN0225A0  was  a  success  in  that  excellent  quality 
fragments  v/ere  generated.  In  this  following  test,  however,  the  warhead 
case  was  thicker  (0.5-inch  vs  0.438-inch).  There  were  several  design 
approaches  which  v/ere  possible  for  the  opposed  grooves.  Proper  fireforming 
of  fragments  could  be  dependent  on: 

1.  The  depths  of  the  inside  and  outside  grooves  (or  sum 
of  the  depths). 

2.  The  ratio  of  the  depths  of  the  grooves  to  the  case 
thickness. 

3.  The  thickness  of  the  metal  remaining  between  the  apexes 
of  the  opposed  grooves. 

For  this  test,  the  decision  was  made  to  use  approaches  1  and  2. 
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A.  l.onqi  tu  di  nal  Grooves 


Opposed  groove  designs  having  depths  of  0.100,  0.110,  and  0.120-inch 
(inside  and  outside)  worked  well  in  the  previous  test,  so  these  designs 
were  repeated.  In  the  event  that  the  case  thickness  increase  from 
0.430-inch  to  0.5-inch  is  significant,  groove  depths  of  0.130-inch  (inside 
and  outside)  will  be  tested,  which  is  approximately  in  the  same  ratio  of 
groove  depth  to  case  thickness  as  the  0.120-inch  grooves  in  the  previous 
test.  One  relatively  shallow  opposed  groove  design  (0.1 00- i n c. h  deep  inside, 
0.080-inch  outside)  was  also  tested  to  provide  for  the  event  that  shallower 
grooves  might  be  either  required  or  sufficient.  The  longitudinal  groove 
designs  are  summarized  in  the  table  below. 


INSIDE  GROOVE 
DEPTH  (inch) 

OUTSIDE  GROOVE 
DEPTH  (inch) 

METAL  REMAINING 
BETWEEN  GROOVES 
( inch) 

0.100 

0.080 

0.320 

0.100 

0.100 

0.300 

0.100 

0.110 

0.280 

0.120 

0.120 

0.260 

0.130 

0.130 

0.240 

R.  Circumferential  Grooves 


The  fragments  from  the  rows  nearest  the  booster  end  which  were  deemed 
"best"  in  test  0N0225A0  resulted  frail  opposed  groove  depths  of  0.100  to 
0.110-inch  deep.  The  average  value  of  these  depths  was  increased  by  the 
ratio  of  0.5-inch  case  thickness  to  0.438-inch  case  thickness  for  this 

test  (i.e.  0.105"  x  =  0.120").  The  depths  of  the  four  grooves 

nearest  the  booster  end  were  then  varied  +0. 020-inch  about  this  value. 

The  same  procedure  was  followed  for  the  remaining  (non-booster  end) 
grooves:  The  "best"  non-booster  end  fragments  from  225  were  generated 

frai  groove  depths  of  0.123  to  0.133-inch,  thus,  0.128  x  q  438  =  0*146-inch. 

Groove  depths  were  then  varied  from  0.130  to  0.160-inch.  The  groove  designs 
are  summarized  in  the  table  below. 


The  circumferential  grooves  are  numbered  sequentially,  starting  with 
the  groove  nearest  the  booster  end. 


- - 

GROOVE 

NUMBER 

— 

MINIMUM 
GROOVE  DEPTH 
(inch) 

MAXIMUM 
METAL 
REMAINING 
BETWEEN 
GROOVES 
( inch) 

MAXIMUM 
GROOVE  DEPTH 
(inch) 

MINIMUM 

METAL 

REMAINING 

BETWEEN 

GROOVES 

(inch) 

1 

0.160 

0.180 

0.160 

0.180 

2  through  5 

0.100 

0.300 

0.140 

0.220 

6  through  15 

0.130 

0.240 

0.160 

0.180 

16 

0.160 

0.180 

0.160 

0.180 

2. 1.3. 2  DESCRIPTION  OF  TEST  OBJECTIVES  AND  TEST  ARENA 

The  objective  of  the  test  was  to  recover  a  sample  of  each  groove- 
design  choice,  and  to  measure  fragment  ejection  angles  and  fragment 
velocities.  The  test  arena  (Figure  311-7)  consisted  of  seven  celotex 
packs  and  six  steel  witness  sheets.  Photographs  of  the  test  arena  are 
presented  in  Figures  311-11  and  311-12.  Fastax  cameras  were  used  to 
measure  fragment  velocities. 


2. 1.3.3  DESCRIPTION  OF  TEST  RESULTS 

A.  Fragment  Quality 

1.  Longitudinal  Crooving 

The  longi  tudinal -groove  breakout-quality  was  a  function  of  the  metal 
remaining  between  the  apexes  of  the  opposed  grooves.*  When  the  metal 
ronaining  was  0. 240-inch,  the  desired  fragment  quality  was  achieved 
(Figure  311-3).  For  metal  remaining  values  between  0. 240-inch  and  0. 200- 
inch,  borrowing  occurred  (Figure  311-4);  for  metal  thicknesses  greater 
than  0.280-inch,  partials  occurred  (Figure  311-6). 

2.  Circumferential  grooving 

Mo  fragment  doubles  occurred  for  fragment  rows  1  and  2.  Fragment 
doubles  were  recovered  for  rows  3,  4,  and  5  where  the  metal  remaining 
between  apexes  of  the  grooves  was  0.240-inch  or  more.  Fragment  doubles 
occurred  for  all  choices  of  circumferential  groove  depth  for  fragment, 
rows  6  through  15. 


*  the  designers  did  not  recognize  this  until  much  later  in  the 


program. 


B.  Fragment  Velocity  and  Pattern 


Because  of  the  lengthwise  pairing  of  fragments,  the  fragment  polar- 
ejection-anqles  for  this  test  are  suspect.  The  coordinates  of  all  the 
fragment  hits  are  presented  in  figure  311-8  and  311-9,  with  an  estimate 
as  to  which  fragments  were  paired. 

The  Fastax  films  yielded  good  time-of-arrival  data,  and  fragment 
velocities  are  presented  in  Figure  311-10.  Photographs  of  the  witness 
sheets  are  presented  in  Figures  311-12  through  311-15. 


C.  CONCLUSIONS 

1.  The  warhead  design  will  have  to  be  altered  to  achieve  proper 
case  breakout  and  achieve  the  desired  fragment  sizes  and  shapes. 

2.  The  "best"  fragments  resulted  for  the  following  opposed  groove 
designs: 

LONGITUDINAL  GROOVES:  0.100-inch  deep  (inside  and  out)  for 

rows  2  through  7. 

0.130-inch  deep  (inside  and  out)  for 
rows  8  through  15. 

CIRCUMFERENTIAL  GROOVES:  0.130-inch  deep  (inside  and  outside) 

for  rows  2  through  5. 

0.158-inch  deep  (inside  and  outside) 
for  rows  6  through  15. 
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FIGURE  311-1 
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FIGURE  311-3 
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AS  ILLUSTRATED  BY 
FRAGMENT  LENGTHWISE 
PAIRING 


RESULTING 

FRAGMENT 

SHAPE 


REDUCED-WEIGHT  FRAGMENTS  RESULTING  WHEN  THE  METAL  REMAINING  BETWEF*1 
INSIDE  AID  OUTSIDE  LONGITUDINAL  GROOVES  WAS  0.240"  THROUGH  0.260" 

EXAMPLE  FRAGMENTS  FROM  TEST  QN0311A0 
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FIGURE  311-4 


RESULTING 

FRAGMENT 

SHAPE 


TOTAL  METAL  REMAINING 
BETWEEN  CIRCUMFERENTIAL 
GROOVES  WAS  TOO  THICK  AS 
ILLUSTRATED  BY  FRAGMENT 
LENGTHWISE  PAIRING 


REDUCED-WEIGHT  FRAGMENTS  RESULTING  WHEN  METAL  REMAINING 
BETWEEN  INSIDE  AND  OUTSIDE  LONGITUDINAL  GROOVES  WAS  0.280"  OR  MORE 

EXAMPLE  FRAGMENTS  FROM  TEST  QN0311A0 
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FIGURE  311-5 
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FIGURE  311-6 
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FIGURE  311-8 


INDICATES  FRAGMENT  PAIRING  (LENGTHWISE). 


COORDINATES*  OF  FRAGMENT  HIT  LOCATIONS  (INCHES)  ON  WITNESS 
SHEETS  NOS.  1  AND  3  AT  20-FT  RADIUS 
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FIGURE  311-9 
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FIGURE  311-11 
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FIGURL  311 


1/2"  STEEL  WITNESS  SHEET  AFTER 
TEST;  8' 6"  RADIUS;  ENTRY  SIDE 
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riGURE  311-16 


;AS  A  MULTIPLE-FRAGMENT 
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WEIGHTS  OF  RECOVERED  FRAGMENTS 
TEST  QN0311A0 
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FIGURE  311-18 


TEST  GN0319A0 

80- LB  PREFORKED-FRAGMENT  WARHEAD 


2.1.4  TEST  3,  QN0319A0 


i 

2. 1.4.1  DESIGN  SUMMARY  AMO  RATIONALE 

The  basic  design  characteristics  the  warhead  (Figures  319-1  and 
319-2)  were: 

8.0-i nch 
2.0-inch 
15. 2- inch 
0.445-inch 

Pre-formed  Hex  HIBAL 
0.420-inch 
0.025-i nch 
SAE  4130,  (RC-42) 

Mild  Steel 
80- lb 

0.050-inch  titanium  with  1-inch  urethane 
foam  insulation 

Three  choices  of  preformed  hex-IIJBAL  fragments  were  used;  7/8-inch 
across  flats  by  0.42-inch  thick  (500-grains),  1-inch  across  flats  by 
0.42-inch  thick  (700-grains)  and  1-1/8-inch  across  flats  by  0.42-inc.h 
thick  (900-grains ).  the  case  thickness/ length  combination  was  designed 
to  achieve  fragment  velocities  of  5000- ,  5500-ft/sec  after  passing  through 
the  shroud.  Only  an  outside  skin  (0.025-inch  steel)  was  used,  and  7/15" 
x  1/2"  hoops  at  each  end  provided  for  rigidity.  The  fragments  were  potted 
in  laminae.  The  shroud  (Figure  319-3)  is  the  same  design  as  for  the  8- inch 
f i reformed -fragment  warhead. 


2. 1.4.2  DESCRIPTION  OF  TEST  OBJECTIVES  AND  TEST  ARENAS 

The  objectives  of  the  test  were  to  measure  fragment  velocities  and 
polar  ejection  angles,  and  to  recover  the  hcx-HIBAL  fragments,  for 
determining  the  detonation  and/or  the  shroud  effects  on  the  resulting 
fragment  quality.  The  test  arena  plan  is  in  Figure  319-6  and  photographs 
of  the  test  arena,  are  in  Figures  319-12  and  319-13. 


OUTSIDE  DIAMETER: 
INSIDE  DIAMETER: 
LENGTH: 

CASE  THICKNESS: 
FRAGMENT  TYPE: 
FRAGMENT  THICKNESS: 
SKIN  THICKNESS: 
FRAGMENT  MATERIAL: 
SKIN  MATERIAL: 
WARHEAD  WEIGHT: 
SHROUD: 


2. 1.4.3  DESCRIPTION  OF  TEST  RESULTS 
A.  Fragment  Quality 

The  recovered  fragments  exhibited  minor  deformation  resulting  from 
the  detonation-wave  sweep,  but  showed  no  loss  in  weight  (Figure  319-6). 
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The  fragment  polar-ejection-angle,  as  a  function  of  the  fragment 
center-of-length  distance  fran  the  booster  end  of  the  warhead,  is  pre¬ 
sented  in  Figure  319-7.  A  summary  table  of  the  fragment  polar-ejection- 
angles  and  velocities  is  presented  in  Figure  319-8.  Fragment-hit- 
location  '"easurenents  are  presented  in  Figures  319-9  through  319-11. 
Photographs  of  the  fragment  pattern  on  the  witness  sheets  are  presented 
in  Figures  319-14  and  319-15. 


C.  Conclusions 

There  is  no  need  for  further  8-inch  diameter,  80-lb  preformed  frag¬ 
ment  warhead  tests.  The  recovered  fragments  were  satisfactory  iri  terms  of 
fragment  shape  and  weight,  and  the  pattern  and  velocity  data  were  adequate 
to  formulate  warhead  characterization  models  for  the  second  phase  end  game 
analysis. 
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TEST:  QN0319A9 
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FIGURE  319-4 


°  INCHES 

QN03 1 9 AO 


TYPICAL  500  GRAIN  HEX  HIBAL  FRAGMENTS  RECOVERED 


IN  TEST  QN0319A0 


TEST:  QN0319A9 


8'  HIGH,  9'  LONG 
.105"  STEEL  WITNESS 


CELOTEX  \ 

(4’  x  4'  x  8'  HIGH)  20’ 


WITNESS  SHEETS,  .105"  STEEL 
ON  ENTRY,  .25"  STEEL  ON  EXIT, 
SEPARATED  BY  6  INCH  AIRSPACE 


ARENA  FOR 
TEST  0N0319A0 


2  EA  GROUND  LEVEL  I'ASTAX  CAMERA,  1  SPLIT  FRAME 
1  TULL  FRAME 
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FIGURE  319-6 


TEST  QN0319A0 

SUMMARY  OF  POLAR  EJECTION  ANGLE  AND  VELOCITY  RESULTS 


FRAGMENT 

FRAG.  C.G. 
DIST. * **  FROM 

POLAR  ANGLE  (DEGREES) 

POLAR 

ANGLE 

AVERAGE 

VELOCITY 

ROW 

BOOSTER-END 

500-GR  700-GR  900-GR 

SUMMARY 

(0-20') 

1 

1.1  (5) 

+4.5 

4.5 

4210 

1 

1.2  (7) 

+4.7 

4.7 

1 

1.3  (9) 

+3.2 

3.2 

2 

1.9  (5) 

+1.2 

1.2 

4670 

2 

2.1  (7) 

+1.2 

1.2 

2 

2.2  (9) 

+0.4 

0.4 

3 

2.7  (5) 

-0.2 

-0.2 

5000 

3 

2.9  (7) 

-0.7 

-0.7 

3 

3.2  (9) 

-1.5 

-1.5 

4 

3.4  (5) 

-1.6 

-1.6 

5080 

4 

3.8  (7) 

-1.8 

-1.8 

4 

4.2  (9) 

-2.5 

-2.5 

5 

4.2  (5) 

-2.6 

-2.6 

5380 

5 

4.7  (7) 

-2.7 

-2.7 

6 

4.9  (5) 

-3.2 

-3.2 

5400 

5 

5.2  (9) 

-3.6 

-3.6 

6 

5.5  (7) 

-3.2 

-3.2 

7 

5.7  (5) 

-3.6 

-3.6 

5470 

6 

6.2  (9) 

-3.6 

-3.6 

7 

6.4  (7) 

-3.6 

-3.6 

8 

6.4  (5) 

-4.0 

-4.0 

5490 

7 

7.1  (9) 

-4.4 

-4.4 

9  1 

7.2  (5) 

-4.3 

-4.3 

5470 

8 

7.3  (7) 

-3.9 

-3.9 

10 

8.0  (5) 

-4.7 

-4.7 

5580 

9 

8.1  (7) 

-4.2 

-4.2 

8 

8.1  (9) 

-4.2 

-4.2 

11 

8.7  (5) 

-4.9 

-4.9 

5660 

10 

9.0  (7) 

-4.3 

-4.3 

9 

9.1  (9) 

-5.0 

-5.0 

12 

9.5  (5) 

-4.9 

-4.9 

5630 

11 

9.9  (7) 

-4.7 

-4.7 

10 

10.1  (9) 

-4.6 

-4.6 

13 

10.2  (5) 

-5.4 

-5.4 

5690 

12 

10.7  (7) 

-5.4 

-5.4 

14 

11.0  (5) 

-5.6 

-5.6 

5580 

11 

11.0  (9) 

-5.2 

-5.2 

13 

11.6  (7) 

-5.2 

-5.2 

15 

11.7  (5) 

-5.6 

-5.6 

5660 

12 

12.0  (9) 

-5.0 

-5.0 

16 

12.5  (5) 

-5.6 

-5.6 

5490 

14 

12.5  7) 

-5.7 

-5.7 

13 

13.0  (9) 

-5.7 

-5.7 

15 

13.3  (7) 

-5.8 

-5.8 

17 

13.3  (5) 

-7.3 

-7.3 

5570 

14 

13.9  (9) 

-4.8 

-4.8 

18 

14.0  (5) 

-6.0 

-6.0 

5490 

16 

14.2  (7) 

-6.1 

-6.1 

*  DISTANCE  INCLUDES  END  PLATE  AND  THROW  AWAY  RING 

**  VELOCITY  RESULTS  ARE  FROM  THE  500-gr  DATA  SECTOR,  AND  ARE 
THE  AVERAGE  OF  THREE  FRAGMENT  HITS  FOR  EACH  FRAGMENT  ROW 
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FIGURE  319-8 


TEST:  QN0319A9 
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FIGURE  319-13 


TEST: 


WITNESS  SHEET  AFTER  TEST;  700gr  FRAGMENTS; 
ENTRY  SIDE;  10'  RADIUS 


WITNESS  SHEET  AFTER  TEST;  900gr  FRAGMENTS; 
ENTRY  SIDE;  10'  RADIUS 


QN0319A9 
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FIGURE  319-14 


TEST  QN0328A0 

200-lb  FI  REFORMED  FRAGMENT  WARHEAD 


2.1.5  TEST  4,  QN0328A0 


2. 1.5.1  DESIGN  SUMMARY  AND  RATIONALE 


The  basic  design  characteristics  of  the  warhead  (Figures  328-1  and 
328-2)  were: 


OUTSIDE  DIAMETER: 
INSIDE  DIAMETER: 
LENGTH: 

CASE  THICKNESS: 
CASE  MATERIAL: 
FRAGMENT  TYPE: 
WARHEAD  WEIGHT: 
SHROUD: 


1 1 . 5- i  nch 

2. 87 5- inch 

18.375-i nch 

0.563-inch 

SAE  4140,  (RC37-42) 

Fi  refo  rnied 
200- 1 b 

Double  walled  steel,  0.020-inch  inside, 
0.030"  outside,  plus  1-inch  urethane 
foam  insulation  between  warhead  and  shroud 


The  fragment  case  was  grooved  circumferentially  to  provide  19  rows 
of  equal  length  fragments,  each  0.888-inch  long.  The  spacing  between  the 
longitudinal  grooves  was  varied  to  determine  if  the  spacing  significantly 
affected  fragment  quality.  The  (external)  spacings  tested  were  0.675-, 
0.866-  and  1.108-inch.  The  fragment  weights  for  these  spacings  would  be 
600-,  770-,  and  990-grains  respectively  (with  no  loss  in  the  fi reforming) . 
The  shroud  (Figure  328-3)  tested  was  identical  to  that  of  the  previous 
11-1/2-i nch-di ameter  warhead. 


The  "best"  opposed  groove  designs  from  test  QN0311A0  indicated  that 
shallower  groove  depths  were  required  for  fragments  located  near  the 
booster  end  of  the  warhead,  than  for  fragments  located  near  the  non-booster 
end.  This  was  true  for  both  longitudinal  and  circumferential  grooves. 


A.  Longitudinal  Grooves 

The  longitudinal  grooves  were  tapered  in  depth,  from  one  end  of  the 
warhead  to  the  other.  The  tapering  of  the  longitudinal  grooves  was  based 
on  the  depths  of  the  "best"  opposed  groove  designs  from  test  QN0311A0, 
and  ratioed  to  account  for  the  increase  in  case  thickness  from  0.5  to 
0.5625-inch.  Calculations  are  presented  below: 

for  Booster  End: 

use  same  ratio  as  in  0.100-inch  deep  grooves  of  QN0311A0. 

=  ttwof;  *  =  0.225  total  depth,  or  0.113-inch  deep 
L'I.jUU  U.5025 

inside  and  outsi  del 
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For  Non-Rooster  End: 


use  same  ratio  as  in  0. 130-inch  deep  grooves  of  QN0311A0. 

[g*680  =  otW  x  =  °* 293-inch  total  depth,  or  0.146-inch 
inside  and  outsidej 

The  longitudinal  grooves  were  tapered  in  two  styles;  one  with  the 
inside  and  outside  grooves  symmetrical,  and  one  with  only  the  outside 
qroove  tapered  in  depth,  the  inside  groove  remaining  a  constant  depth. 
See  figure  328-2. 


B.  Circumferential  Grooves 


The  circumferential  grooves  were  unifonuly  increased  in  depth,  from 
the  booster  end  of  the  warhead.  The  "best"  circumferential  groove  depths 
from  test  0N0311A0  were  used  as  a  basis,  the  depths  being  increased  by 
the  ratio  of  the  case  thicknesses.  Calculations  are  presented  below: 

For  Booster  End: 

use  same  ratio  as  in  0.100-inch  deep  grooves  of  QN0311A0, 

for  first  7  rows.  [07500  =  0.5625’  X  =  2925"inch 

total  depth,  or  0.146-inch  inside  and  outsidej;  for  rows 

8’  9’  10  [jrloS  =  0~5^25’  x  =  °-3375-inch  tota1  depth,  or 
0.169-inch  inside  and  outsidej 
For  Non -Booster  End: 

grooves  calculate  same  ratio  as  in  0.130-inch  deep  grooves 

of  0N0311A0.  Ml  =  7T-r?ori  x  =  0.356-inch  total  depth, 

|_U .  500  U.  5625 

or  0.178-inch  deep  inside  and  outsidej;  use  0.190-inch 
because  of  18-inch  length  instead  of  the  15-inch  lenyth  in 
QN0311A0. 


C.  Booster-End  Fragments 

The  first  row  of  fragments  on  the  booster  end  of  the  warhead  were 
tapered,  in  an  attempt  to  stop  the  fragment  scabbing  problems  which 
occurred  in  the  previous  test.  The  fragments  were  therefore  made 
somewhat  longer  to  compensate  for  the  weight  lost  in  tapering. 
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2. 1.5. 2  DESCRIPTION  OF  TEST  OBJECTIVES  AND  TEST  ARENA 


The  test  objectives  were  to  recover  a  sample  of  fragments  from  each 
of  the  parametric  choices  in  groove  design,  and  to  measure  fragment  point  - 
ejection-angles  and  velocities.  The  test  arena  details  are  shown  in 
Figure  328-8.  Photographs  of  the  test  arena  are  shown  in  Figure  3251-11. 


2. 1.5. 3  DESCRIPTION  OF  TEST  RESULTS 

A.  Fragment  Quality 

1.  Longitudinal  Grooves 

The  longitudinal  grooves  were  of  inadequate  depth,  and  the  results 
(of  poor-quality  fragments)  typified  by  too  much  metal  remaining  between 
the  apexes  of  the  inside  and  outside  grooves  occurred  in  this  test,  in¬ 
cluding  a  significant  amount  of  scabbing  of  the  fragment.  Figure  328-14 
shows  examples  of  the  fragments  having  the  deepest  longitudinal  grooves 
(i.e,  the  thinnest  inetal  remaining  between  opposed  grooves). 

2.  Circumferential  Grooves 

Numerous  fragment  lengthwise  pairs  were  recovered,  indicating  that  the 
total  metal  remaining  between  the  apexes  of  the  inside  and  outside  cir¬ 
cumferential  grooves  was  too  thick.  Where  the  inside  grooves  exceeded 
0.120-inch  depth  the  non-booster-end  inside-corners  broke  off  as  illustrated 
in  Figure  328-11. 


B.  Fragment  Velocity  and  Polar-Angle  Characterization 

The  measurements  of  the  fragment-hit  locations  are  presented  on 
pages  328-11  and  328-12,  but  polar-ejection-angles  and  detailed  fragment 
velocities  are  not  presented  because  the  fragment  lengthwise  pairings 
and  fragment  scabs  make  identification  of  the  primary  fragments 
difficult.  The  velocities  of  the  fragments  ranged  from  5700-ft/sec  at 
the  center-of- length  of  the  warhead  to  4900-ft/sec  at  the  ends  of  the 
warhead . 


C.  Conclusions 


1.  The  warhead  design  will  have  to  be  altered  to  achieve  proper 
fireforming  of  fragments. 

2.  Change  the  design  approach  to  consider  metal  remaining  between 
the  apexes  of  the  opposed-grooves. 
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TYPE  B 

LONGITUDINAL  GROOVE 


TYPE  A 

LONGITUDINAL  GROOVE 


BOOSTER 

END 
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EIGURI  3 


TEST:  QN0328A0 


WARHEAD  ON  LATHE  DURING  MANUFACTURE 


.  200  LB 

v.; 

"fire  formed 
hibal  warhead 
3*28-80 


COMPLETED  UNLOADED  WARHEAD 
SHOWING  EXTERIOR  GROOVING 
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FIGURE  328-4 


I 


TEST: 


QN0328A0 


WARHEAD  BEFORE  BEING  LOADED  WITH  EXPLOSIVE 
SHOWING  INTERIOR  GROOVING 
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FIGURE  328-5 


TOTAL  METAL  REMAINING 
BETWEEN 

CIRCUMFERENTIAL 
GROOVES  WAS  TOO  THICK, 
AS  ILLUSTRATED  BY 
FRAGMENT  LENGTHWISE 
PAIRING 


1 

INCHES 


QN0328A0 


RESULTING 

FRAGMENT 

SHAPE 


REDUCED-WEIGHT  FRAGMENTS  RESULTING  WHEN  THE  METAL  REMAINING  BETWEEN 
INSIDE  AND  OUTSIDE  LONGITUDINAL  GROOVES  WAS  0.240"  THROUGH  0.260" 


EXAMPLE  FRAGMENTS  FROM  TEST  QN0328A0 
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FIGURE  328-6 


I 


■  METAL  REMAINING  BETWEEN- 
CIRCUMFERENTIAL 

(GROOVES  WAS  TOU  THICK, 
AS  ILLUSTRATED  BY 
FRAGMENT  LENGTHWISE 
1  PAIRING 


jffl 


■ 


0  1  7 

INCHES 


QN0328A0 


EXPLOSIVE 
,  SWEEP 
f  DIRECTION 

« - FRACTURE  LINE 


INSIDE  CASE 


ILLUSTRATION  SHOWING  THE  FRACTURE  WHICH  OCCURRED  WHEN  THE 
INSIDE  CIRCUMFERENTIAL  GROOVES  EXCEEDED  0.120"  DEPTH 


EXAMPLE  FRAGMENTS  FROM  TEST  QN032.3A0 
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FIGURE  328-7 


1  EA  SPLIT  TRAME  FASTAX 


2  EA  FASTAX  CAMERAS  (GROUND  LEVEL) 
1  SPLIT  FRAME,  1  FULL  FRAME 


6'  x  12'  HIGH 
.105"  STEEL 
WITNESS  PLATE 


9'  x  13'  HIGH 

.105"  STEEL  WITNESS  SHEET  6"  — 
IN  FRONT  OF  1/4"  THICK  STEEL  PLATE 


13'  I 


12  EA  CELOTEX 
PACKS 


Pr,: 


-^0 


WARHEAD 


TEST  GN0328A0 

11-1/2“  O.D. y  200-LB  FIRE  FORMED  IIIBAL  WARHEAD 
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FI  CURE  328-8 


TEST  QN0328A9 

COORDINATES*  OF  FRAGMENT  HIT  LOCATIONS  (INCHES) 
ON  THE  WITNESS  SHEETS 


FRAGMENT 

ROW 

NUMBER 

20'  RADIUS  WITNESS  SHEET  COORDINATES 

COLUMN 

1 

COLUMN 

2 

COLUMN 

3 

COLUMN 

4 

1 

-46-1/2 

+35 

+42 

+44 

2 

-50 

+34 

+41 

+25-1/2 

3 

-49 

+13 

+21 

+5 

4 

-63-1/2 

+3.5 

+11 

-3-1/2 

5 

-5.5 

+8 

-11 

6 

-20** 

-6 

-18-1/2  . 

7 

-28** 

-22** 

-22-1/2 

8 

-32-1/2** 

-24 

-29** 

9 

-32 

-29-1/2 

-34** 

10 

-35 

-35 

-36** 

11 

-38-1/2 

-34-1/2** 

-41 

12 

-42-1/2** 

-37 

-43 

13 

-36-1/2 

-43-1/2 

-44-1/2 

14 

-41 

-42 

-44 

15 

-42 

-46** 

-45 

16 

-43 

-48 

-52 

17 

-45 

-48-1/2 

18 

-46-1/2 

-45 

19 

-48 

-48 

20 

-63 

-49 

21 

-62-1/2 

*  VERTICAL  MEASUREMENTS  ARE  MEASURED  FROM  THE  TOP  OF  THE  WARHEAD  AIMLINE 
(BOOSTER  WAS  ON  TOP  OF  WARHEAD.) 

**  FRAGMENTS  PAIRED  TOGETHER 
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FIGURE  328-9 


TEST  QN0328A0 

VERTICAL  MEASUREMENTS*  OF  FRAGMENT  HIT  LOCATIONS 
(INCHES)  ON  THE  WITNESS  SHEETS 


30'  RADIUS  WITNESS  SHEET 

FRAGMENT  COLUMN 

NUMBER  1 

COLUMN*** 

2 

COLUMN 

3 

1  -39 

+68 

+61-1/2 

2  -47 

+55 

+28 

3  -41-1/2 

+31 

-4-1/2 

4  -62-1/2 

+9-1/2 

-4 

5  -64-1/2 

+2 

-6 

6 

-8 

7 

-9-1/2 

8 

-12-1/2 

9 

-17-1/2 

10 

-22** 

11 

-26-1/2 

12 

-29 

13 

-30-1/2 

14 

-34-1/2 

15 

-34 

16 

-34-/12 

17 

-35-/12 

18 

-34-/12 

19 

-36 

20 

-37-1/2 

21 

-41 

22 

-44 

23 

-43-1/2 

24 

-41-1/2 

25 

-42-/12 

26 

-46-1/2 

27 

-68-1/2 

*  VERTICAL  MEASUREMENTS  ARE  MEASURED  FROM  THE  BOTTOM  OF  THE 
WARHEAD  AIMLINE  (BOOSTER  WAS  ON  TOP  OF  WARHEAD.) 


**  FRAGMENTS  PAIRED  TOGETHER 

***  THE  NUMBER  OF  FRAGMENT  LISTED  IN  COLUMN  2  EXCEEDS  THE  NUMBER 
OF  FRAGMENT  ROWS  IN  THE  WARHEAD  BECAUSE  THE  FRAGMENTS  WERE 
SCABBING 
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riGURE  328-10 


TEST:  QN0328A0 


WITNESS  SHEET  AT  20'  RADIUS  SHOWING 
FRAGMENT  HIT  LOCATIONS 

(5/8-inch  SPACING  BETWEEN  LONGITUDINAL 
GROOVES,  SYMMETRICALLY  TAPERED,  H.E.- 
FILLED) 
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FIGURE  328-12 


TEST:  0N0328A0 


WITNESS  SHEET  AT  30'  RADIUS  SHOWING 
FRAGMENT  HIT  LOCATIONS 

(5/8"  SPACING  BETWEEN  LONGITUDINAL 
GROOVES,  SYMMETRICALLY  TAPERED  IN¬ 
SIDE  AND  OUT,  LAMINAC-FILLED) 
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FIGURE  328-13 


TEST  QN0409A0 

19"  ANNULAR,  200-LB  FI REFORMED  FRAGMENT/PREFORMED 
FRAGMENT  COMBINATION  WARHEAD 


2.1.6  TEST  5,  QN0409A0 


2. 1.6.1  RESIGN  SUMMARY  AND  RATIONALE 


This  warhead  was  partly  fi reformed  fragments  and  partly  preformed 
fragments.  The  basic  design  characteristics  of  the  warhead  (Figures  409-1 
thru  409-3)  were: 


OUTSIDE  DIAMETER: 
INSIDE  DIAMETER: 
LENGTH: 

CASE  THICKNESS: 
CASE  MATERIAL: 
WARHEAD  WEIGHT: 
SHROUD: 


19-inch 

10.5-inch 

12-1/2-inch 

0.5-inch 

SAE  4130,  (RC-42) 

200- lb 

0.080-inch  titanium  for  preformed  fragment 
side,  0.020-inch  titanium  for  fireformed 
fragment  side,  plus  1-inch  urethane  foam 
insulation  between  warhead  and  inner  shroud 


Three  sizes  of  hex-HIBAL  fragments  were  tested,  500-grain  (7/8-inch 
across  flats  x  0.47-inch  thick),  700-grain  (1-inch  across  flats  x  0.47-inch 
thick)  and  900-grain  (1-1/8-inch  across  flats  x  0.47-inch  thick).  The 
fragments  were  layed  up  inside  a  0.030-inch  skin  (mild  steel)  and  potted 
in  laminae. 

The  fireformed  fragment  case  was  grooved  circumferentially  to  provide 
14  rows  of  equal  length  fragments,  each  0.886-inch  long.  Three  choices 
of  spacing  between  the  longitudinal  grooves  were  evaluated,  0.633-inch, 
0.886-inch  and  1.139-inch.  The  theoretical  fragment  weights  for  these 
spacings  (with  no  loss  in  fireforming)  were  550- ,  770- ,  and  990-grains. 

The  decision  was  made  to  investigate  the  possibility  that  the  metal 
remaining  between  opposed  grooves  was  the  critical  design  factor,  as 
opposed  to  the  groove  depth  or  ratio  of  groove  depth  to  case  thickness. 

The  most  successful  warhead  design  of  the  first  three  tests  was  the  first 
test  (ON0225A0),  the  design  for  QN0409A0  was  therefore  based  on 
i  t. 


A.  Longitudinal  Grooves 

The  best  fragment  longitudinal  breakout  in  test  QN0225A0  occurred  for 
metal-thickness-renaining  values  of  0.193  to  0.238-inch.  For  test  QN0409A0, 
the  metal -thickness  remaining  between  longitudinal  opposed  grooves  was 
varied  from  0.190  to  0.260-inch. 

The  depth  of  all  inside  longitudinal  grooves  was  also  made 
0.110-inch,  so  as  to  equal  the  depth  of  the  circumferential  grooves  (See 
discussion  below.) 


B.  Circumferential  Grooves 

The  results  of  QN0225A0  indicated  that  no  doubles  occurred  for  metal 
thickness  values  remaining  of  0.160-inch  or  less  for  the  non-booster-end 
fragments.  For  QN0409A0,  the  metal  remaining  values  were  varied  from 
0.140-inch  to  0.248-inch. 

The  inside  circumferential  grooves  were  uniformly  0.110-inch  deep 
to  prevent  the  inside  non-booster-end  corner  from  breaking  off.  The 
outside  ci rcumferential -groove  depths  were  each  varied  from  0.142-inch 
deep  to  0. 250-inch  deep.  By  using  this  design,  the  data  should  provide 
a  guide  to  the  required  groove  depths  (as  a  function  of  groove  distance 
from  the  booster  end)  to  prevent  the  fragment  doubles. 

The  circumferential  and  longitudinal  groove  designs  are  summarized 
in  the  table  below: 


LONGITUDINAL 

GROOVES 

CIRCUMFERENTIAL 

GROOVES 

INSIDE 

OUTSIDE 

METAL 

INSIDE 

OUTSIDE 

METAL 

nEPTH 

DEPTH 

REMAINING 

DEPTH 

DEPTH 

REMAINING 

(inch) 

( inch) 

( inch) 

(inch) 

(inch) 

(inch) 

0.110 

0.130 

0.260 

0.110 

0.142 

0.248 

p.110 

0.140 

0.250 

0.110 

0.155 

0.235 

0.110 

0.150 

0.240 

0.110 

0.171 

0.219 

0.110 

0.160 

0.230 

0.110 

0.188 

0.202 

0.110 

0.170 

0.220 

0.110 

0.207 

0.183 

0.110 

0.180 

0.210 

0.110 

0.221 

0.169 

0.110 

0.190 

0.200 

0.110 

0.242 

0.148 

0.110 

0.200 

0.190 

0.110 

0.250 

0.140 

The  preformed 
and  the  fi reformed 


fragments  were  fired 
fragments  were  fired 


through  a  0.080-inch  titanium  shroud 
through  a  0.020- inch  titanium  shroud. 


ii, 


PAGE  409-2 


2. 1.6. 2  DESCRIPTION  OF  TEST  OBJECTIVES  AND  TEST  ARENA 


-  tv  --  —  -- 


The  objectives  of  the  test  were  to  measure  fragment  pattern  and 
velocity  for  both  the  firefonned  and  preformed  fragments,  and  to  recover 
a  large  sample  of  the  firefonned  fragments.  The  test  arena  is  presented 
in  Figure  409-8,  with  photographs  appearing  in  Figures  409-14  through 
409-16. 


2. 1.6. 3  DESCRIPTION  OF  TEST  RESULTS 
A.  Fragment  Quality 

Since  all  inside  grooves  were  0.1 10- inch  deep,  the  results  are 
segregated  below  by  outside  longi tudinal -groove  depths. 

1.  Outside  Depth  =  0. 130-inch  (Remaining  Metal  =  0.260- inch) 

No  recovery  was  made  of  fragments. 

2.  Outside  Depth  =  0.140-inch  (Remaining  Metal  =  0.250-inch) 

Ten  fragments  were  recovered  which  were  0.886"  wide,  all  of 
which  were  very  good  quality.  The  minor  fault  of  the  fragments 
was  that  some  "borrowing"  was  evident  on  all  fragments,  both 
circumferential  ly  and  longitudinally. 

Twelve  fragments  were  recovered  which  were  0.633-inch  wide. 

Five  of  these  fragments  (from  rows  9  through  13)  were  joined 
together  in  a  string.  Three  of  the  remaining  seven  fragments  were 
scabbed.  The  longi tudi nal -groove  breakout  was  excellent  for  all  but 
the  scabbed  fragments.  The  circumferential -groove  depth  for  this 
fragment  string  was  0.155-inch  outside,  thus  leaving  0.235-inch 
remaining  metal. 

3.  Outside  Depth  =  0.150-inch  (Remaining  Metal  =  0.240-inch) 

Six  fragments  were  recovered,  two  of  which  scabbed.  Borrowing 
was  evident  to  a  slight  degree  on  both  the  longitudinal  and 
circumferential  grooves. 

4.  Outside  Depth  =  0.160-inch  (Remaining  Metal  =  0.230-inch) 

Nine  fragments  0.886-inch  wide  were  recovered,  two  of  which 
were  in  a  doublet.  The  doublet  was  in  rows  12  and  13;  the 
circumferenti al  groove  depth  being  0.188-inch  at  this  point 
(0.202-inch  remaining  metal).  Borrowing  was  evident  to  a  slight 
degree  on  all  the  fragments.  One  fragment  was  a  partial. 

Eight  fragments  0.633-inch  wide  were  recovered,  including  two 
doublets,  rows  10,  11  and  rows  12,  13.  Slight  borrowing  was 
evident  on  the  longitudinal  grooves  of  the  doublets.  All  other 
fragments  scabbed. 
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5.  Outside  Depth  =  0.170-inch  (Remaining  Metal  =  0.220-inch) 

Three  fragments,  1.139“  wide,  were  recovered.  Two  were  in  a 
double  (rows  3,  4)  and  scabbed.  The  appearance  of  the  scabbed 
fragment  was  different  than  scabbed  fragments  previously 
recovered  in  that  the  scabbed  face  was  very  smooth.  The  third 
fragment,  from  row  2,  had  borrowing  on  all  four  sides. 

Eight  fragments  were  recovered  which  were  0.886-inch  wide. 

Four  of  the  fragments  were  scabbed  (not  the  "smooth  face"  scab), 
remaining  four  had  excellent-quality  breakout  ulong  the  longi¬ 
tudinal  grooves,  but  showed  evidence  of  borrowing  along  the 
circumferential  grooves. 

6.  Outside  Depth  =  0.180-inch  (Remaining  Metal  =  0.210-inch) 

Nearly  complete  success  was  achieved,  in  that  the  frag¬ 
ments  averaged  911-grains  weight,  or  about  90%  of  theoretical. 

Eleven  fragments  (1.139-inch  spacing)  were  recovered  (no 
doublets).  Slight  borrowing  was  evident  on  the  longitudinal 
grooves  for  all  the  fragments.  There  was  one  partial  frayment. 
Borrowing  was  evident  ci rcumferentially  on  two  of  the  fragments, 
row  3  and  13.  The  outside  ci rcumferenti al -groove  depth  was 
0.221-inch,  or  0.169-inch  renaining  metal. 

7.  Outside  Depth  =  0.190-inch  (Remaining  Metal  =  0.200-inch) 

Nearly  complete  success  was  achieved,  in  that  most,  frag¬ 
ments  were  excellent  quality,  averaging  732-grains  each,  or  about 
95%  of  theoretical. 

Twenty  two  fragments  were  recovered  (0.886-inch  wide),  including 
one  double  (rows  4,  5)  and  one  scabbed  fragment  (row  10). 

The  0.020-inch  titanium  shroud  left  an  imprint  on  the  fragments, 
which  had  not  occurred  in  any  of  the  previous  tests.  No  other 
damage  than  the  imprint  can  be  attributed  to  the  shroud. 

Recovered  fragment  weights  are  presented  on  page  409-24. 


B.  Fragment  Pattern  and  Velocity 

The  fragment  polar-angle  and  velocity  characterizations,  for  both 
the  prefonned  and  firefonned  fragments,  are  presented  in  Figures  409-5 
through  409-7.  The  data  for  the  fire formed  fragments  are  not  as  complete 

**  as  the  data  for  the  prefonned  fragments  because  the  column  of  fragments 

which  was  intended  for  velocity  and  polar-angle  characterization  did  not 
properly  breakup,  circumferentially  (i.e,,  fragment  multiples  occurred). 

«.  The  data  are  presented  in  Figure  409-8  and  409-9. 
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C.  CONCLUSIONS 


1.  Fi reformed  Fragment  Warhead 

a.  Longitudinal  opposed  grooves  which  provide  for  0.250-inch  or 
less  metal  remaining  between  the  apexes  of  grooves  will  provide  for 
proper  case  breakout  along  the  longitudinal  grooves. 

b.  For  fragments  near  the  booster  end  of  the  warhead,  ci rcumferen- 
tial  grooves  should  provide  for  about  0.240-inch  remaining  metal  between 
the  apexes  of  the  grooves.  For  fragments  near  the  non-booster  end  ot 
the  warhead,  the  circumferential  grooves  should  provide  for  about  0.200- 
inch  remaining  metal. 

2.  Preformed  Fragment  Warhead 

There  is  no  need  for  further  19-inch  diameter,  200- lb  preformed 
fragment  warhead  tests.  The  fragments  were  satisfactory  in  quality,  as 
judged  from  the  witness  sheet  pattern,  and  the  pattern  and  velocity 
date  were  adequate  to  formulate  warhead  characterization  models  for  the 
second  phase  end  game  analysis. 
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HEX  HIBAL  DETAILS 
TEST  QNOA09A 
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FIGURE  409-4 


TEST:  QN0409A0 


WARHEAD  BEFORE  BEING  LOADED  WITH  EXPLOSIVE 
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FIGURE -409- 5 


0 


INCHES 


QN0409AO 


FRAGMENT 

SHAPE 


ft 


FRACTURE  LINE 


V 

1 

y\ _ 

— A> - 

LONGITUDINAL  GROOVE 


H.E.  SIDE 


FRAGMENT  SHAPE  RESULTING  WHEN  THE  METAL  REMAINING  BETWEEN 
LONGITUDINAL  INSIDE  AND  OUTSIDE  GROOVES  IS  BETWEEN  0.200”  AND  0.240 


EXAMPLE  FRAGMENTS  FROM  TEST  QN0409A0 
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FI CURE -409- 6 


FRACTUKt  \ 

LONGITUDINAL  GROOVE 


REDUCED-WEIGHT  FRAGMENTS  RESULTING  WHEN  THE  METAL  REMAINING  BET'-'EEN 
INSIDE  AMD  OUTSIDE  LONGITUDINAL  GROOVES  WAS  0.240"  THROUGH  0.260" 


EXAMPLE  FRAGMLMTS  FROM  TEST  QN0409A0 
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FIGURE- 409- 7 


TARGETS: 

TARGETS: 


2  FASTAX 
CAMERAS 


A,  B,  C,  D,  E  =  4'x4 'xS'-HIGH  CELOTEX 
PACKS  WITH  1/2"  STEEL  BACKPLATES 


F,  G,  H,  J  =  2  EA.  4  '-WIDE,  12‘-HIGH, 
0. 105"-THICK  STEEL  PLATES.  SPACED 
6"  APART. 


20 ‘R 


2  FASTAX 
CAMERAS 


ARENA  FOR  TEST  GN0409A0 
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FIGURE-409-8 


TEST  QN0A09A0 

SUMMARY  OF  FRAGMENT  POLAR  EJECTION  ANGLE  AND  VELOCITY 
RESULTS  FOR  HEX  HIBAL  FRAGMENTS  THROUGH 
,080"'  TITANIUM  SHROUD 


FRAGMENT 

ROW1 

FRAGMENT 

C.G.  DISTANCE 
FROM  BOOSTER 
END  (INCHES) 

FRAGMENT 

RELATIVE 

HIT  LOCATIONS 

TO  BOOSTER-END 

‘  POLAR 
ANGLE 

AVERAGE 

VELOCITY (0- 15 ' ) 

L 

500-gr 

700-gr 

900-gr 

1(5) 

0.8 

+45.5 

+14.4° 

3400 

1(7) 

0.9 

+47.3 

+15.0° 

1(9) 

1.0 

+20.5 

+6.8° 

2(5) 

1.6 

+16.5 

+5.7° 

3800 

2(7) 

1.8 

+13.5 

+4.9° 

2(9) 

1.9 

+1.3 

+1.0° 

3(5) 

2.3 

+3.3 

+1.8° 

4200 

3(7) 

2.6 

0 

+0.8° 

3(9) 

2.9 

-4.8 

-0.6° 

4(5) 

3.1 

-2.5 

+0.2° 

4400 

4(7) 

3.5 

-5.8 

-0.7° 

5(5) 

3.8 

-8.0 

-1.3° 

4600 

4(9) 

3.9 

-10.0 

-1.9° 

5(7) 

4.4 

-12.7 

-2.6° 

6(5) 

4.6 

-12.3 

-2.4° 

4600 

5(9) 

4.9 

-16.0 

-3.5° 

6(7) 

5.2 

-16.3 

-3.5° 

7(5) 

5.4 

-16.0 

-3.4° 

4800 

6(9) 

5.8 

-19.3 

-4.3° 

7(7) 

6.1 

-20.7 

-4.6° 

8(5) 

6.1 

-18.5 

-3.9° 

4800 

7(9) 

6.8 

-20 

-4.2° 

9(5) 

6.9 

-19.8 

-4.1° 

4900 

8(7) 

7.0 

-20.3 

-4.2° 

10(5) 

7.6 

-22.3 

-4.7° 

4900 

8(9) 

7.8 

-24.8 

-5.4° 

9(7) 

7.8 

-25.2 

-5.5° 

11(5) 

8.4 

-25.0 

-5.3° 

4900 

10(7) 

8.7 

-25.3 

-5.3° 

9(9) 

8.8 

-28.3 

-6.2° 

12(5) 

9.2 

-25.0 

-5.0° 

4900 

11(7) 

9.6 

-28.8 

-6.1° 

10(9) 

9.7 

-28.5 

-6.0° 

13(5) 

9.9 

-27.5 

-5.6° 

4900 

12(7) 

10.4 

-29.2 

-6.0° 

11(9) 

10.7 

-29 

-5.8° 

14(5) 

10.7 

-28.8 

-5.7° 

4600 

13(7) 

11.3 

-35.3 

-7.6° 

15(5) 

11.4 

-30.8 

-6.2° 

4500 

12(9) 

11.7 

-37.3 

-8.1° 

14(7) 

12.1 

-44.8 

-10.3° 

16(5) 

12.2 

-41.3 

-9.2° 

4500 

1  NUMBERS  IN  PARENTHESIS  INDICATE  FRAGMENT  SIZE 
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FIGURE-409-9 
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TEST  QN0409A0 


FRAGMENT  VELOCITY  AND  POLAR  ANGLES  FOR  FI  REFORMED 
FRAGMENTS  THROUGH  0.020"  TITANIUM  SHROUD 


FRAGMENT 

ROW* 

POLAR 

EJECTION 

ANGLE 

FRAGMENT 

AVERAGE 

VELOCITY  (0-20-ft) 

1 

5° 

4300 

2 

2.7° 

4800 

3 

-0.6° 

5260 

4 

-0.9° 

5260 

5,6 

-3.0° 

5400 

7 

1 

• 

O'* 

o 

5500 

8,9,10 

-5.3° 

5500 

11,12 

-5.5° 

5500 

13 

— 

14 

— 

*THE  FRAGMENT  ROWS  LISTED  IN  THE  SAME  LINE  WERE  JUDGED 
TO  BE  PAIRED  TOGETHER  BASED  ON  THE  HOLE  SIZES  IN  THE 
WITNESS  SHEETS. 
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FIGURE-409-11 


TEST  QN04Q9A0 

VERTICAL  MEASUREMENTS* OF  FRAGMENT  HIT  LOCATIONS 
(INCHES)  ON  THE  WITNESS  SHEETS 


FRAGMENT 

ROW 


900-GRAIN  HEX  HIBAL,  IV  RADIUS 
COLUMN  I”  COLUMN  \  COLUMN  I  COLUMN 

1  2  3  I  4 


AVERAGE 


-22 

-19 

+20.5 

+0.5 

-2 

+1.3 

-5 

-4.5 

-4.8 

-10.5 

-15.5 

-9.5 

-16.5 

-10.0 

-16.0 

-20 

-19 

-18.5 

-21 

-19.3 

-20 

-25.5 

-28 

-24 

-28.5 

-24.8 

-28.3 

-30 

-29 

-27 

-29 

-28.5 

-29 

-38 

-36.5 

-37.3 

FRAGMENT 

ROW 


FIRE-FORMED  HIBALS 

-20'  RADIUS 

COLUMN 

1 

+20.5 

+10.0 

-5.0 

-7.0 

- 17 . 0 
-17.0 J 

FRAGMENT  DOUBLE 

-26.5 

-30  > 

-30  V 

FRAGMENT  TRIPLE 

-30  S 

-33  > 
-33  / 

FRAGMENT  DOUBLE 

— 

(HIT  BELOW  WITNESS  SHEET) 

*  VERTICAL  MEASUREMENTS  ARE  FROM  THE  TOP  OF  THE  WARHEAD  AIMLINE. 
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FIGURE-409- 1? 


TEST  0N0409A0 

VERTICAL  MEASUREMENT*  OF  FRAGMENT  HIT  LOCATIONS 
(INCHES)  ON  THE  WITNESS  SHEETS 


FRAGMENT 

ROW 

500-GRAIN 

TEX  HIBAL 

AVERAGE 

COLUMN 

1 

COLUMN 

2 

COLUMN 

3 

COLUMN 

4 

1 

+45 

+46 

+45.5 

2 

+18 

+15 

+16.5 

3 

+2.5 

+4 

+3.3 

4 

-2 

-3 

-2.5 

5 

-9 

-7 

-8 

6 

-12 

-12.5 

-12.3 

7 

-16.5 

-15.5 

-16.0 

8 

-18.5 

-18.5 

-18.5 

9 

-21 

-18.5 

-19.8 

10 

-22.5 

-22 

-22.3 

11 

-25.5 

-24.5 

-25.0 

12 

-25 

-25.0 

13 

-28 

-27 

-27.5 

14 

-29.5 

-28 

-28.8 

15 

-31.5 

-30 

-30.8 

16 

-43.5 

-39 

-41.3 

FRAGMENT 

ROW 

700-GRAIN 

HEX  HIBAL 

AVERAGE 

COLUMN 

1 

COLUMN 

2 

COLUMN 

3 

COLUMN 

4 

COLUMN 

5 

COLUMN 

6 

1 

+45.5 

+47.5 

+49 

+47.3 

2 

+13 

+14 

— 

+13.5 

3 

-0.5 

0 

+0.5 

0 

4 

-6 

-6.5 

-5 

-5.8 

5 

-12 

-13 

-13 

-12.7 

6 

-15.5 

-17.5 

-16 

-16.3 

7 

-20.5 

-22 

-19.5 

-20.7 

8 

-15.5 

-23 

-22.5 

-20.3 

9 

-25 

-25.5 

-25 

-25.2 

10 

-22.5 

-27 

-26.5 

-25.3 

11 

-29 

-28 

-29.5 

-28.8 

12 

-26 

-30 

-31.5 

-29.2 

13 

-35 

-34 

-37 

-35.3 

14 

— 

-42.5 

-47 

-44.8  ! 

VERTICAL  MEASUREMENTS  ARE  FROM  TOP  OF  WAR HE AO  AIMLINE 
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FIGURE-409-13 


FIGURE-409-16 
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VIEW;  A-A 
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ROOSTER  END 
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TEST:  QN0409A0 

loss  in  fi reforming. 
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FIGURE  409-19 

*  — -  <■' 

v  - -  - - - 

•  .•  j*  v- 

TEST  QN0429A0 

11. 5,!j  200-lb,  PREFORMED- FRAGMENT/ F I  REFORMED- 
FRAGMENT  COMBINATION-WARHEAD 


2.1.7  TEST  6,  QN0429A0 


2. 1.7.1  DESIGN  SUMMARY  AND  RATIONALE 

This  warhead  was  a  combined  (preformed  plus  fi reformed)  fragment  warhead 
The  basic  design  characteristics  of  the  warhead  (Figure  429-1  and  429  2) 
were: 


OUTSIDE  DIAMETER: 

INSIDE  DIAMETER: 

LENGTH: 

CASE  THICKNESS: 

CASE  MATERIAL: 

Preformed  Fragments: 
Fi reformed  Fragments: 
SKIN  THICKNESS: 

Preformed  Fragments: 
WARHEAD  WEIGHT: 

SHROUD: 


11.5-inch 

2.875-inch 

18.375-inch 

0.563-inch 

SAE  4130,  RC44-47 
SAE  4140,  RC37-42 

0.015-inch  (mild  steel) 

200-1 b 

Two  steel  skins,  0.020-inch  inside, 
0.030-inch  outside,  plus  1-inch  urethane 
foam  insulation  between  warhead  and 
inner  shroud 


The  preformed  hex-HIBAL  fragments  were  all  0.548-inch  thick,  and  were 
the  following  sizes:  3/4-inch  across  flats  (500-grian);  7/8-inch  across 
flats  (700-grain);  and  1-inch  across  flats  (900-grain).  They  were  packaged 
with  a  0.015-inch  steel  outside  skin  and  potted  in  laminae. 

The  fi reformed-fragment  case  was  grooved  ci rcumferential ly  to  provide 
19  rows  of  equal-length  fragments,  0.888-inch  long.  The  spacing  between 
longitudinal  grooves  was  0.75-inch.  No  variation  in  spacing  between 
longitudinal  grooves  was  made  because  it  was  not  judged  that  the  spacing 
between  longitudinal  grooves  would  affect  the  fragment  qu a  1 i ty .  The 
theoretical  weight  of  the  fragments  (before  any  weight  loss  due  to 
fireforming)  was  750-grains. 

A.  Longitudinal  Grooves 

0.250-inch  metal  thickness  remaining  between  grooves  (or  less) 
resulted  in  good  fragment  breakout  longitudinally  in  test  QN0409A0.  So 
in  test  QN0429A0  the  grooves  were  varied  so  as  to  achieve  metal  thickness 
remaining  values  from  0.248  to  0.273-inch,  to  explore  how  thick  metal 
remaining  between  grooves  can  be  and  still  produce  good  fragments. 

The  inside  longitudinal  grooves  were  all  made  0.100-inch  deep.  The 
outside  longitudinal  grooves  were  varied  in  depth  to  provide  the  range  of 
values  of  metal  thickness  remaining  between  inside  and  outside  grooves 
desired.  The  groove  depths  are  summarized  below. 
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INSIDE 

DEPTH 

(inch) 

OUTSIDE 

DEPTH 

(inch) 

METAL 

REMAINING 

BETWEEN 

GROOVES 
( inch) 

0.100 

0.190 

0.273 

0.100 

0.195 

0.268 

0.100 

0.200 

0.263 

0.100 

0.205 

0.258 

0.100 

0.210 

0.253 

0.100 

0.215 

0.248 

B.  Circumferential  Grooves 


Metal  thickness  remaining  between  opposed  grooves  should  be  about 
t^e  same  as  what  worked  in  previous  test.  Metal  thickness  remaining 
values  =  0.243-inch  near  booster  end  =  0.193-inch  near  non-booster  end. 

All  inside  circumferential  grooves  were  0.110-inch  in  depth,  to  pre¬ 
vent  the  inside  non-booster-end  corners  of  the  fragments  from  breaking 
off.  The  outside  circumferenti al  grooves  were  made  deep  enough  to  reduce 
the  metal  tickness  between  the  apexes  of  the  opposed  grooves  to  the  value 
for  which  no  fragment  doubles  had  been  recovered  in  test  6.  The  depths 
are  presented  below,  groove-1  being  nearest  the  booster  end. 


INSIDE 

OUTSIDE 

METAL 

REMAINING 

BETWEEN 

GROOVE 

DEPTH 

DEPTH 

GROOVES 

NUMBER 

(inch) 

(inch) 

(inch) 

.  1  THRU  6 

0.110 

0.210 

0.243 

1  THRU  19 

0.110 

0.260 

0.193 

2. 1.7. 2  DESCRIPTION  OF  TEST  OBJECTIVES  AND  TEST  ARENA 

The  test  objective  included  characterizing  the  polar  ejection  angles 
and  the  velocities  for  the  preformed  fragments,  and  recovering  a  sample  of 
each  preformed -fragment  size  to  determine  if  damage  resulted  during  the 
detonation  or  from  the  fragment  perforating  the  shroud.  Fragment  recovery, 
only,  was  desired,  for  the  fireformed  fragments.  The  test  arena  is 
illustrated  in  Figure  429-6,  and  photos  appear  in  Figure  429-12. 


PAGE  429-2 


rr  - 


3 


2.1. 7. 3  INSCRIPTION  OF  TEST  RESULTS 


A.  Fragment  reality 

1.  Fi reformed  Fragments 

The  longi tudinal -groove  designs  were  inadequate  in  that  the  meta1 
remaining  between  the  inside  and  outside  opposed  grooves  was  too 
thick.  Example  fragments  are  shown  in  Figures  429-4  and  429-5.  Also  a 
contributor  to  the  poor  longitudinal  breakout  (which  is  demonstrated 
in  the  following  test)  is  the  too-shallow  depths  of  the  inside  groove. 

The  recovered  fragments  were  of  such  poor  quality  that  it  was 
decided  there  was  no  useful  information  to  be  gained  by  weighing  than. 

2.  Preformed  Fragments 

The  fragment  quality  was  excellent.  The  fragments  exhibited  sane 
minor  deformation  from  the  explosive  sweep,  but  lost  no  weight. 


B.  Fragment  Velocity  and  Pattern  -  Preformed  Fragments 

A  summary  of  the  fragment  velocity  and  polar  ejection-angles  for 
the  hex-HIBAL  fragments  is  presented  in  Figure  429-7.  The  fragment 
polar  ejection  angles  are  plotted  as  a  function  of  the  fragment  center- 
of-length  distance  frcm  the  booster-end  of  the  warhead  in  Figure  429-8. 
Measurements  of  the  fragment-hit  locations  are  presented  in  Figures  429-9, 
10,  11.  Photographs  of  the  fragment  pattern  are  presented  in  Figure  429-13. 


CONCLUSIONS 


1.  Fi reformed  Warhead 


a.  Opposed  longitudinal  grooves  should  have  maximum  of  0.240-inch 
remaining  metal  between  the  apexes  of  the  opposed  grooves  to  achieve 
proper  breakout. 

b.  The  ci rcumferential  grooves  will  have  to  be  deeper,  so  as  to 
reduce  the  metal  thickness  remaining  between  the  apexes  of  the  grooves 
to  less  than  0.193-inch. 

c.  The  Celotex  recovery  may  have  contributed  to  fragment  breakup 
in  test  QN0409A0.  In  the  next  test  more  witness  sheets  should  be  used 
to  verify  fragment  lengthwise  breakup  prior  to  impact  on  the  Celotex. 

2.  Preformed  Via  rhea d 

There  is  no  need  for  further  115-inch  diameter,  200-lb  preformed- 
fragment  warhead  tests.  The  quality  of  the  recovered  fragments  was 
excellent  and  the  fragment  velocity  and  pattern  were  within  acceptable 
bounds. 


HEX  Hf BAL  -  FRAGMENTS 
900-grain 
1"  ACROSS 


DEPTH  OF  OUTSIDE 
LONGITUDINAL  GROOVES 


0.190" 


— 0.195J; 

ALL  INSIDE 
LONGITUDINAL 
GROOVES:  0.1" 
DEPTH,  3/4"  SPACING 
|— 0.200" 


700-grain 


PREFORMED  HEX  HI6AL 
FRAGMENT  MATERIAL  = 

SAE  4130,  HEAT  TREATED, 
OIL  QUENCHED,  AND  DRAWN 
AT  800°  ACTUAL  ROCKWELL 
"C“  MEASUREMENTS  =  44-47 


7/8"  ACROSS 
FLATS 


23  ROWS 


3/4"  ACROSS 
FLATS 


27  ROWS 


hs. 


»•••  • 

1-1/2 

x 

tl 

v ...  *y.*  *• 

.*y 

1/2" 

•:  .  0. 888" ^ 


••••  V.:-;  :>;  •  | 


HI  BAL 

THICKNESS 

0.548" 


»  -  • 


is  *  *•  • . 


■  %  ■  » 


*-  -  - . TY.P . 


0.210" 

CROOVE 

DEPTH 


* 


Wmm 

'mmm 

.  ••  ■  ■■;  fc>l 
■•Av. Y-' 


luuomriuii/x 

0.015" 


j[j(! 

!»-2-7/8"4 


NOTES: 

1.  FI  REFORMED 
FRAGMENT  CASE 
MATERIAL  *  SAE 
4140,  HEAT 
TREATED  OIL 
QUENCHED,  DRAWN 
AT  800°.  ACTUAL 
ROCKWELL  "C" 
MEASUREMENT  - 
37-42 

2.  ALL  INSIDE  GROOVES 
FILLED  WITH 

LAM  IN  AC 


18-3/8" 


0.260" 

GRjOVE 

DEPTH 


J  Ills  ' 

T 

9/16"  [ALL  INSIDE 


11-1/2"  O.D. 


- _ JCIRCUMFERLNTIAL 

jGROOVE  S  : 

0.11"  UEPIH 


WARHEAD  DESIGN 
TEST  QN0429A0 
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FIGURE  429-1 


HEX  HIBAL  FRAGMENT  P, 
TEST  QN0A29A0 


TOTAL  METAL  REMAINING 
BETWEEN  CIRCUMFEREN¬ 
TIAL  GROOVES  WAS  TOO 
THICK  AS  ILLUSTRATED 
BY  FRAGMENT  LENGTHWISE 
PAIRING  - 


hr' 

J  *  -{•  V. 

iv  ; 


>/■' * 


.j  i 

2 


INCHES 

QN0429A0 


RESULTING 

FRAGMENT 

SHAPE 


FRACTURE 


LONGITUDINAL  GROOVE 


REDUCED-WEIGHT  FRAGMENTS  RESULTING  WHEN  THE  METAL  REMAINING  BETWEEN 
INSIDE  AND  OUTSIDE  LONGITUDINAL  GROOVES  WAS  0.240"  THROUGH  0.260" 


EXAMPLE  FRAGMENTS  FROM  TEST  QN0A29A0 
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FIGURE  429-4 


RESULTING 

FRAGMENT 

SHAPE 


44jv 

%/-■- 


.a-  v  :• 


INCHES 

QN0429A0 


\  ' 


H.E.  SIDE 


FRACTURE 


LONGITUDINAL  GROOVE 


REDUCED-WEIGHT  FRAGMENTS  RESULTING  WHEN  METAL  REMAINING 
BETWEEN  INSIDE  AND  OUTSIDE  LONGITUDINAL  GROOVES  WAS  0.280"  OR  MORE 


EXAMPLE  FRAGMENTS  FROM  TEST  QN0A29A0 
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FIGURE  429-5 


TARGETS  1-15  =  CELOTEX  PACKS 

TARGETS  A,  B,  C  =  .105"  STEEL  WITNESS  SHEETS,  12*  HIGH 

•  (NOTE:  A,  B  =  DOUBLE  SHEETS  WITH  6"  SPACING) 


5  6 


8  9  10 


900- grain 
HEX  HIBAL 


15’  15' 


700-grain 
HEX  HIBAL 


TEST  QN0429A0 


500- grain 
HEX  HIBAL 
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FIGURE  429-6 


JfW  >Vy  • 


TEST  QN0429A0 


SUMMARY  OF  FRAGMENT  VELOCITY  AND  POLAR  EJECTION  ANGLES  FOR 

THE  HEX-HIBAL  FRAGMENTS 


FRAGMENT 

ROW 


500  GRAIN 

POLAR 

ANGLE 


700  GRAIN 


VELOCITY  AV 
AVG.  0-151') 
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ft* ;  -  v  -  -»v-  v  lie’ll 


900  GRAIN 

POLAR 

ANGLE 


FIGURE  429-7 


11-1/2"  O.D. ,  9/16"  WALL 


FRAGMENT  CENTER-OF-LENGTH  DISTANCE  FROM  THE  BOOSTER  END 
OF  THE  WARHEAD,  TEST  GN0A29A0 


TEST  QN0A29A0 

VERTICAL  MEASUREMENTS  (inches)*  OF  FRAGMENT  HIT  LOCATIONS 

ON  WITNESS  SHEET 


FRAGMENT 

ROW  NUMBER 

700-qr  FRAGMENT  WITNESS  SHEET 

COLUMN  1 

COLUMN  2 

COLUMN  3 

1 

+29 

2 

+14 

+14 

3 

+  5* 

4 

+  1 

-  1* 

5 

-  5 

6 

-  9i 

-  9 

7 

12 

8 

-12* 

-14* 

9 

-14 

10 

-18 

-18 

11 

-ff* 

00 

t-H 

1 

12 

-20* 

-22 

13 

-22 

14 

-24 

-26 

15 

-25 

16 

-28 

— 

17 

-27* 

18 

-29 

-30 

19 

-28* 

20 

-30 

-32 

21 

-30* 

22 

-30* 

-33* 

23 

-33 

*Coordinates  measured  from  the  top  of  warhead  aimline 
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FIGURE 


QN0429A0 

ES)*  OF  FRAG 
ESS  SHEETS 


500-qr  FRAGMENT  WITNESS  SHEET 

COLUMN  1 

COLUMN  2 

COLUMN  3 

COLUMN  4 

+37 

+21 1 

+371 

+11 

+11 

+  4| 

+  1 

+  4 

+  1 

-  4 

-  51 

-  9 

-  6 

-11 

-12 

-10 

-141 

-151 

-131 

-171 

-171 

-18 

-214 

1 

ro 

o 

-21 

-24 

-211 

-221 

-23 

-24 

-25 

-231 

-27 

-26 

-28 

-26 

ro 

-291 

-281 

-281 

-29 

-30 

30 

-30 

-311 

-30 

TEST  QN0429A0 

VERTICAL  MEASUREMENT  (INCHES)*  Of  FRAGMENT  HITS  ON  WITNESS  SHEET 


FRAGMENT 
ROW  NUMBER 

!  900-qr  FRAGMENT  WITNESS  SHEET 

COLUMN  1 

COLUMN  2 

COLUMN  3 

1 

+22 

2 

+  9 

CO 

+ 

3 

+  1 

4 

-  6 

-  7i 

5 

-10 

6 

-13 

-124 

7 

-161 

8 

-194 

-174 

9 

-22 

10 

-22 

-224 

11 

-25 

12 

-m 

-25 

13 

» 

ro 

00 

14 

-304 

-30 

15 

-324 

16 

-31 

-30 

17 

1 

CO 

cn 

18 

-33 

-344 

19 

20 

-334 

-35 

♦Vertical  coordinates  from  top  of  warhead  aimline. 
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FIGURE  429-11 


TEST  QN0422A0 


WARHEAD  PRIOR  TO 
PLACEMENT 
OF  SHROUD 


FIGURE  429-12 


TEST  QN  051 A  AO 

11.5",  13 5- LB  PREFORMED  FRAGMENT/FI REFORMED 
FRAGMENT  COMBINATION  WARHEAD 


2.1.8  TEST  7,  QN0514A0 


2. 1.8.1  DESIGN  SUMMARY  AND  RATIONALE 

This  warhead  was  partly  fireformed  fragments  and  partly  preformed 
fragments.  The  basic  design  characteristics  of  the  warhead  (Figures 
514-1,  2,  3)  were: 

OUTSIDE  DIAMETER:  11.5-inch 

INSIDE  DIAMETER:  2.875-inch 

LENGTH:  14.0-inch 

CASE  THICKNESS:  0.5-inch 

CASE  MATERIAL: 

Preformed  fragments:  SAE  4130,  (RC40-42) 

Fireformed  fragments:  SSS  100,  (RC-42),  HY-80,  (RC40-43) 

WARHEAD  WEIGHT:  135- lb 

SHROUD:  Two  steel  skins,  0.020-inch  inside, 

0.030-inch  outside,  with  1-inch  urethane 
foam  insulation  between  warhead  and 
inner  shroud 

The  preformed  hex-HIBAL  fragments  were  all  0.485-inch  thick,  and  were 
the  following  sizes:  13/16-inch  across  flats  (500-grain);  15/16-inch  across 
flats  (700-grain);  1-1/16-inch  across  flats  (900-grain).  The  fragments  were 
potted  in  laminae  with  a  0.015-inch  outside  skin. 

The  fireformed  fragment  case  was  grooved  circumferentially  to  provide 
15  rows  of  equal -length  fragments,  each  0.867-inch  long.  The  spacing 
between  the  longitudinal  grooves  was  0.625-inch,  which  provided  for  a 
theoretical  fragment  weight  of  540-grains  (before  any  weight  loss  due  to 
fireforming) . 

Two  different  materials,  SSS-100  and  HY-80,  were  tested  in  the 
fireformed  portion  of  the  warhead  to  determine  if  the  opposed  grooving 
technique  was  sensitive  to  choice  of  alloy.* 

For  the  HY-80,  both  the  longitudinal  and  circumferential  groove-depths 
were  selected  which  had  been  successful  for  the  SAE  4130  alloy  in  test  5. 

For  the  SSS-100,  with  the  metal  remaining  between  the  longitudinal 
opposed  grooves  being  held  approximately  constant,  the  internal  and 
external  groove  depths  were  varied.  Circumferential  grooves  for  the 
SSS-100  were  made  slightly  deeper  on  the  non-booster  end  than  the  HY-80 
to  fully  insure  that  the  resulting  circumferential  groove  breakout  at 
that  end  of  the  warhead  would  avoid  the  creation  of  doublets.  The  grooves 


*  Flat  plates  of  each  material  were  circumferential ly  grooved, 
formed  to  the  desired  radius  of  curvature  in  a  press,  longitudinally 
grooved,  and  then  welded  together  to  form  the  warhead  case. 
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at  the  booster  end  were  made  slightly. shal lower  than  those  used  with 
HY-80,  to  determine  if  doublets  would  occur  at  the  booster  end  of  the 
wa  rhead . 


HY-80  GROOVE  DETAILS 


LONGITUDINAL  H 

CIRCUMFERENTIAL  1 

INSIDE 

OUTSIDE 

METAL 

GROOVE 

INSIDE 

OUTSIDE 

METAL 

DEPTH 

DEPTH 

REMAINING 

NUMBER 

DEPTH 

DEPTH 

REMAINING 

(inch) 

( inch) 

( inch) 

( inch) 

( inch) 

(inch) 

( inch) 

0.100 

0.240 

1,2 

m 

0.120-0.140 

0.260-0.280 

0.100 

0.230 
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The  shroud  (Figure  514-4)  is  the  same  as  was  used  in  the  previous  11.5-inch 
diameter  warheads. 


2. 1.8. 2  DESCRIPTION  OF  TEST  OBJECTIVES  AND  TEST  ARENA 

For  the  fi reformed-fragment  portion  of  the  warhead  the  primary 
objective  was  fragment  recovery.  In  addition,  witness  sheets  were  placed 
between  each  Celotex  pack  to  provide  evidence  of  fragment  doubles,  because 
previous  firings  had  indicated  that  some  breakup  of  doublets  into  singles 
may  have  occurred  during  impact  with  the  Celotex. 

For  the  preformed  hex-HIBAL  portion  of  the  warhead,  fragment  velocity 
and  pattern  were  the  objectives. 

The  test  arena  is  Illustrated  in  Figure  514-8,  and  photographs  of 
the  arena  are  presented  in  Figures  514-14  and  514-15. 
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2.1.8. 3  DESCRIPTION  OF  TEST  RESULTS. 

A.  Fragment  Quality 

1 .  Fi reformed  Fragments  .  . 

a.  HY-80  Steel 

The  fragment  breakout  along  the  longitudinal  grooves  was  good  for 
both  choices  of  longitudinal  grooving.  However,  breakout  along  the 
circumferential  grooves  were  not  as  good  in  that  fragment  multiples 
(lengthwise)  occasionally  occurred  everywhere  except  adjacent  to  the 
booster  end.  (The  booster-end  row  of  fragments  were  good.)  Example 
fragments  are  presented  in  Figure  514-6. 

b.  SSS-100 

The  fragment  breakout  along  the  longitudinal  grooves  was  excellent 
for  every  choice  but  one  -  the  choice  which  had  0.104-inch  deep  inside 
grooves  and  0.156-inch-deep  outside  grooves,  wherein  fragment  scabbing  and 
partial  fragments  were  prevalent,  as  shown  in  Figure  514-9.  Some 
fragment  lengthwise  multiples  were  recovered  for  all  choices  of  circum¬ 
ferential  groove  depths,  indicating  that  depths  of  grooves  were  less 
than  required.  Examples  are  shown  in  Figure  514-15. 

The  fragments  were  not  weighed  because  the  weight  of  strings  of 
fragments  are  meaningless. 

2.  Preformed  Fragments 

Witness  sheet  data  indicated  that  no  breakup  of  the  preformed 
fragments  occurred. 


B.  Fragment  Pattern  and  Velocity 

1.  Fi reformed  Fragments 

This  test  was  not  designed  to  acquire  pattern  and  velocity  data  for 
fi reformed  fragment. 

2.  Preformed  Fragments 

A  surmrary  of  the  hex-HIBAl-fragment  polar-ejection  angles  and 
velocities  is  presented  in  Figure  514-9.  The  hex-HIBAL  fragment  polar 
ejection  angles  are  plotted  as  a  function  of  the  fragment  center-of- length 
distance  from  the  booster  end  of  the  warhead  in  Figure  514-10.  Tables 
of  the  fragment  hit  locations  are  presented  in  Figures  514-11,  12,  13. 
Photographs  of  the  fragments  pattern  are  presented  in  Figure  514-16. 
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C.  Conclusions 

1.  Fi reformed  Fragment  Warhead 


a.  The  design  requirements  for  achieving  proper  fireforming  of 
fragments  with  opposed  longitudinal  grooves  have  been  well  defined.  The 
metal  remaining  between  the  apexes  of  the  longitudinal  grooves  should  be 
between  0.200  and  0.240-inch. 

b.  The  metal  remaining  between  the  apexes  of  the  circumferential 
grooves  must  be  less  than  0.140-inch,  probably  about  0.100-inch,  but  the 
exact  value  remains  to  be  danonst rated. 

2.  Preformed  Fragment  Warhead 

There  is  no  need  fo  further  11.5-inch  diameter,  135-lb  warhead  tests, 
Fragment  quality,  velocity  and  pattern  characteristics  were  all  within 
the  desired  bounds. 
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FIGURE  514-1 
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CIRCUMFERENTIAL  GROOVE  DETAILS  FOR  SSS-lOO  STEEL 
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H.E.  SIDE 


FRAGMENT  SHAPE  RESULTING  IN  SSS-lOO  WHEN  THE  METAL  REMAINING  BETWEEN 
LONGITUDINAL  INSIDE  AND  OUTSIDE  GROOVES  IS  .220",  AND  THE  INSIDE 
AND  OUTSIDE  GROOVE  DEPTHS  ARE  EQUAL 
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FIGURE 


H.E.  SIDE 


FRAGMENT  SHAPE  RESULTING  IN  HY-80  WHEN  THE  METAL  REMAINING  BETWEEN 
LONGITUDINAL  INSIDE  AND  OUTSIDE  GROOVES  WAS  0.230",  AND  THE 
INSIDE  LONGITUDINAL  GROOVE  WAS  .100"  DEEP 
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FIGURE  514-6 
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REDUCED-WEIGHT  FRAGMENTS  RESULTING  IN  SSS-100  WHEN  METAL  REMAINING 
BETWFEN  INSIDE  AND  OUTSIDE  LONGITUDINAL  GROOVES  WAS  0.240",  AND  INSIDE 
LONGITUDINAL  GROOVE  WAS  0.104”  DEEP 


EXAMPLE  FRAGMENTS  FROM  TEST  QN0514A0 
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FIGURE  514 
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FIGURE  514-8 
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FIGURE  514-9 
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FIGURE  514-16 


2.2  SUMMARY  OF  WARHEAD  TEST  RESULTS 


2.2.1  SUMMARY,  PREFORMED-FRAGMENT  WARHEADS 

The  comparison  of  predicted  and  measured  fragment  velocities  and 
polar  ejection-angles  for  each  of  the  tour  warhead  sizes  are  presented 
in  tables  2.2.1  thru  2.2.4. 


2.2. 1.1  VELOCITY 

For  the  8-inch  diameter,  80-lb,  and  the  11.5-inch  diameter,  135-lb 
warheads  the  measured  values  were  close  to  the  predicted  values,  and 
slightly  lower  than  the  predicted  values  for  the  11.5-inch  diameter, 
200-lb  warhead  and  the  19-inch  diameter,  200-lb  warhead.  The  fragment 
velocities  from  the  11.5-inch  diameter,  200-lb  warhead  were  still 
within  the  range  of  desired  fragment  velocities  (5000-5500-ft/sec) ,  but 
the  velocities  from  the  19-inch  diameter,  200-lb  warhead  were  below  this 
range. 


2. 2. 1.2  POLAR  ANGLE 

For  the  8-inch  diameter,  80-lb  warhead  the  measured  polar  ejection- 
angles  were  very  close  to  the  predicted  values.  For  the  11.5-inch  diameter, 
135-lb  warhead,  the  measured  ejection-angles  were  close  to  the  predicted 
except  for  the  two  end-rows  of  fragments,  which  did  not  spread  as  much 
as  predicted.  For  the  11.5-inch  diameter,  200-lb  warhead  the  fragment 
ejection -angles  near  the  booster-end  of  the  warhead  were  very  close  to 
predicted,  but  the  fragments  near  the  non-booster  end  did  not  spread  as 
much  as  predicted.  For  the  19-inch  diameter,  200-lb  warhead,  the  three 
rows  of  fragments  nearest  the  booster-end,  and  the  row  of  fragments 
furthest  from  the  booster-end  did  not  spread  as  much  as  predicted.  The 
renaining  10  rows  of  fragments  in  this  warhead  were  close  to  the  predicted 
values. 


2.2. 1.3  FRAGMENT  QUALITY 

The  preformed  hex  HIBAL  fragments  lost  no  fragment  weight  from 
either  the  detonation  or  from  perforation  of  the  shrouds  or  the  recovery 
medium.  Minor  fragment  deformation,  resulting  from  the  explosive  sweep, 
occurred  in  each  of  the  tests. 


2.2.2  SUMMARY,  FIREFORMED- FRAGMENT  WARHEADS 


For  the  8-inch,  80-1 b;  the  11.5-inch,  135-lb;  and  the  11.5-inch, 
200-lb  f i reformed-f ragment  warheads;  the  comparison  of  predicted  and 
measured  polar  ejection-angles  and  velocities  are  presented  in  tables 
2.2.5  thru  2.2.7.  For  the  19-inch  diameter,  200-lb  warhead,  no  table 
comparing  actual  vs  predicted  values  was  prepared  because;  (a)  no  useful 
polar  angle  data  was  acquired,  and  (b)  the  velocity  bounds  established 
from  the  data  did  not  permit  a  row-by-row  comparison  to  be  made. 


2.2.2. 1  VELOCITY 

The  fragment  velocities  for  the  8-inch,  80-lb;  11.5-inch,  135-lb; 
and  the  11.5-inch,  200-lb  warheads,  were  close  to  the  predicted  values. 
For  the  19-inch,  200-lb  warhead,  the  highest  fragment  velocities  were 
about  five  percent  less  than  the  predicted  value*  for  this  size  warhead 
without  shroud.  The  velocity  bounds  defined  by  the  data  from  the  19-inch 
test  strongly  suggest  that  the  velocity  of  the  fi reformed  fragments  will 
conform  to  the  prefonned-f ragmen t-veloci ty  characterization,  for  the 
same  c.g.  locations  and  shroud  conditions. 


2.2.2. 2  POLAR  ANGLE 

The  measured  polar  ejection-angles  for  the  8-inch  diameter,  80-lb 
warhead  were  close  to  the  design  values  of  polar  ejection-angles. 
Improper  lengthwise  pairings  of  fragments  occurred  in  the  tests 
of  the  other  three  sizes  of  warheads,  which  altered  the  fragment  polar 
ejection-angles.  Thus  the  resulting  fragment  patterns  were  narrower  than 
predicted,  a  natural  result  of  the  unwanted,  lengthwise  pairings  of 
fragments.  On  the  basis  of  comparative  data  from  subsequent  tests 
(QN0811A0  and  QN0819A0)  it  appears  to  be  safe  to  assume  that  the  polar 
angle  distribution  for  the  fireformed  fragments  will  be  essentially  the 
same  as  for  preformed  fragments  having  the  same  c.g.  locations  and  end 
configurations. 


2.2. 2. 3  SUMMARY  OF  THE  EFFECTS  ON  FRAGMENT  QUALITY  OF  VARIATIONS 
IN  OPPOSED-GROOVE  DESIGNS 

The  data  demonstrate  that  when  the  opposed  grooves  are  designed 
properly,  loss  of  fragment  weight  in  fireforming  can  be  limited  to 
between  ten  and  fifteen  percent. 


*  (Using  the  Brown -Modi fled  Gurney  Equation,  see  footnote 
In  Appendix  III.) 
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The  included  angle  of  the  grooves  was  maintained  at  37  degrees  for 
all  the  fireformed-fragment-warhead  tests  and,  thus,  the  effects  of 
variations  in  groove  angle  on  resulting  fragment  quality  cannot  be 
ascertained  from  the  warhead  test  data.  (MOTE:  The  mat  firing  data 
(Appendix  I)  indicated  that  relatively  wide  angle  grooves  (90°-120°) 
require  the  presence  of  a  relatively  der.se  inert  filler  material  in  the 
outside  grooves  to  achieve  proper  fragment  fi reforming.) 


B.  Longitudinal  Grooves 

The  test  results  indicate  that  fragment  quality  is  primarily  a 
function  of  the  metal  remaining  between  the  apexes  of  the  opposed  grooves 
Best  results  were  obtained  when  the  metal  remaining  between  inside  and 
outside  grooves  was  a  maximum  of  0.220-inch  to  0.240-inch.  When  the 
metal  remaining  between  the  apexes  of  the  grooves  exceeds  this  value, 
undesirable  results  such  as  partial  fragments  or  fragment  "borrowing" 
from  its  neighbor  occur.  Data  from  Test  QN0514A0  show  that  the  resulting 
fragment  quality  is  not  sensitive  to  the  ratio  of  the  depths  of  the 
inside  and  outside  grooves  as  long  as  the  remaining  metal  value  is 
0.220  to  0.240-inch;  The  loss  of  metal  removed  from  the  case  by  the 
grooving  process  is  minimized  when  the  inside  and  outside  grooves  are 
of  equal  depth.  Spacing  between  longitudinal  grooves  was  varied  from 
0.625-inch  to  1.188-inch  with  no  apparent  effect  on  fragment  quality. 


C.  Circumferential  Grooves 

The  metal  remaining  between  the  apexes  of  the  inside  and  outside 
grooves  must  not  exceed  "threshold"  limits,  to  prevent  fragment 
lengthwise  pairing.  For  the  8"-diameter,  80-lb  warhead  the  opposed 
groove  design  was  adequate  to  achieve  proper  fragment  breakout,  (i.e. 
with  no  lengthwise  pairings).  For  the  other  three  warhead  sizes,  the 
depths  of  the  opposed  grooves  were  not  adequate  (in  that  too  much  metal 
renained  between  the  apexes  of  the  grooves),  and  lengthwise  pairings  of 
fragments  resulted  on  the  non-booster-end-half  of  the  warhead.  It  is 
estimated  that  proper  lengthwise  breakout  will  be  achieved  when  the 
metal  remaining  between  the  apexes  of  the  grooves  is  0.100-inch. 

When  the  inside  groove  depth  exceeds  0.120-inch,  the  inside  non- 
booster-end  edge  of  the  fragment  is  broken  off  by  the  detonation. 


2. 2. 2. 4  SUMMARY  OF  THE  DESIGN  EVOLUTION  FOR  THE  FIREFORMED  FRAGMENT, 

OPPOSED  GROOVE,  WARHEADS 

The  results  of  the  fragment  mat  tests  were  used  to  design  the  first 
fireformed  warhead  test,  QN0225A0,  which  was  8-inch  diameter,  0.488-inch 
case  thickness.  Excellent  fireforming  results  were  achieved  in  this 
first  test. 

The  second  and  third  tests,  QN0311A0  and  QN0328AO  represented  a 
change  in  both  warhead  diameter  and  warhead  case  thickness.  There  were 
several  design  approaches  for  opposed  grooving  which  were  possible. 

Proper  fire forming  of  fragments  could  be  dependent  on: 

1.  The  depths  of  the  inside  and  outside  grooves  (or 
sum  of  the  depths) . 

2.  The  ratio  of  the  depths  of  the  grooves  to  the 
case  thickness. 

3.  The  metal  thickness  remaining  between  the  apexes 
of  the  opposed  grooved. 

Design  approaches  1  and  2  were  pursued  in  tests  QN0311A0  and 
0N0328A0.  The  results  of  these  tests  demonstrated  that  the  design 
approaches  were  not  the  correct  ones  to  follow. 

In  test  QN0409A0,  the  design  approach  was  changed  to  provide  for 
the  metal  thickness  remaining  between  opposed  grooves  to  bracket  those 
values  which  were  successlul  in  the  first  test  QN0225A0. 

Excellent  fragments  were  recovered  in  test  QN0409AO;  however,  the 
Celotex  recovery  medium  contributed  to  breaking  the  fragments  at  the 
circumferential  grooves  (a  fact  which  was  not  recognized  until  the  results 
of  the  following  test  were  obtained). 

Test  QN0429A0  served  to  provide  upper  bounds  on  the  metal  thickness 
remaining  between  longitudinal  grooves  for  proper  firefomiing,  and 
demonstrated  that  too  much  metal  remained  between  the  opposed  circumferen¬ 
tial  grooves. 

In  test  QN0514A0,  circumferential  groove  depths  were  significantly 
increased  so  as  to  reduce  the  metal  remaining  between  opposed  grooves. 
However,  this  increase  in  groove  depth  proved  to  be  insufficient. 

Subsequent  tests  (QN0811A0  and  QN0819A0)  of  60-degree  sectors  of  the 
19-inch  annular  warhead,  using  the  groove  depths  and  groove  spacings 
associated  with  the  follow-on  warhead  designs  contained  in  this  report, 
have  yielded  fragments  that  broke  up  as  desired,  had  good  shape  charac¬ 
teristics,  weighed  within  2%  of  their  design  weight  and  had  a  polar 
ejection  pattern  that  was  essentially  identical  to  the  pattern  measured 
for  the  preformed  fragments  fired  from  this  19- inch  warhead  in  test 
No.  QN0409A0. 


TABLE  2.2.1 

COMPARISON  OF  PREDICTED  AND  MEASURED  FRAGMENT  VELOCITIES 
AND  POLAR  EJECTION  ANGLES  FOR  THE  8-INCH  DIAMETER,  80-LB 
PREFORMED  HEX  HIBAL  WARHEAD,  FOR  700-grain  HEX  HIBALS 


AGMENT 

POLAR  EJECTION  A 

J^GL E  (degrees) 

I  FRAGMENT  VELOCITY  (ft/sec 

ROW 

PRTrnnTn 

ME7TSURED 

PkETT  IC I  LU 

MEASURE 

1* 

+  4.7 

+  4.7 

4100 

4300 

2 

+  1.2 

+  1.2 

4300 

4800 

3 

-  0.7 

-  0.7 

4600 

5000 

4 

-  1.8 

-  1.8 

4800 

5200 

5 

-  2.7 

-  2.7 

5000 

5400 

6 

-  3.2 

-  3.2 

5100 

5400 

7 

-  3.6 

-  3.6 

5200 

5500 

8 

-  3.9 

-  3.9 

5300 

5500 

9 

-  4.2 

-  4.2 

5400 

5600 

10 

-  4.3 

-  4.3 

5500 

5700 

11 

-  4.7 

-  4.7 

5500 

5600 

12 

-  5.4 

-  5.4 

5500 

5600 

13 

-  5.5 

-  5.5 

5500 

5600 

14 

-  5.7 

-  5.7 

5400 

5500 

15 

-  5.8 

-  5.8 

5300 

5600 

16 

-  6.1 

-  6.1 

5000 

5400 

*  Row  of  fragments  closest  to  booster  end  of  warhead 
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TABLE  2.2.2 


COMPARISON  OF  PREDICTED  AND  MEASURED  FRAGMENT  VELOCITIES 
AND  POLAR  EJECTION  ANGLES  FOR  THE  11.5-INCH  DIAMETER,  135-LB 
PREFORMED  HEX  HIBAL  WARHEAD,  FOR  700-grain  HEX  HIBALS 


FRAGMENT 

ROW 

'  POLAR  EJECTION  ANGLE  (degrees) 

[  FRAGMENT  VELOCITY  (ft/sec)' 

PREDICTED 

MEASURED 

PREDICTED 

MEASURED 

1* 

+  10.0 

+  5.0 

4450 

4100 

2 

+  3.0 

+  1.3 

4900 

4750 

3 

0 

-  1.0 

5000 

4950 

4 

-  1.3 

-  1.9 

5350 

5200 

5 

-  1.9 

-  3.2 

5550 

5300 

6 

-  2.6 

-  3.8 

5600 

5350 

7 

-  4.8 

-  4.6 

5650 

5400 

8 

-  4.9 

-  6.1 

5650 

5400 

9 

-  5.8 

-  4.7 

5700 

5400 

10 

-  5.8 

-  7.0 

5700 

5400 

11 

-  6.2 

-  5.8 

5700 

5400 

12 

-  6.3 

-  7.5 

5700 

5400 

13 

-  6.6 

-  7.2 

5650 

5400 

14 

-  6.8 

-  7.3 

5550 

5400 

15 

-  7.8 

-  7.0 

5350 

5400 

16 

-11.0 

-  7.7 

5000 

5400 

*  Row  of  fragments  closest  to  booster  end  of  warhead 
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TABLE  2.2.3 

COMPARISON  OF  PREDICTED  AND  MEASURED  FRAGMENT  VELOCITIES 
AND  EJECTION  ANGLES  FOR  THE  11. 5- inch  DIAMETER,  200-lb  PREFORMED 
HEX  HIBAL  WARHEAD,  FOR  700-GRAIN  HEX  HIBALS 


FRAGMENT 

POLAR  EJECTION  ANGLE 

(degrees) 

I  FRAGMENT  VELOCITY  (tt/sec) 

ROW 

PREDICTED 

MEASURED 

PREDICTED 

MEASURED 

1* 

+10.0 

+  9.5 

4300 

4100 

2 

+  5.0 

+  5.0 

4600 

4200 

3 

0 

+  2.5 

5200 

4300 

4 

-  1.0 

+  1.0 

5300 

4500 

5 

-  2.0 

-  0.3 

5400 

4850 

6 

-  3.0 

-  1.4 

5500 

4500 

7 

-  3.5 

-  2.0 

5600 

5000 

8 

-  4.0 

-  2.3 

5700 

5000 

9 

-  4.5 

-  2.2 

5700 

5100 

10 

-  5.0 

-  3.2 

5700 

4850 

11 

-  5.8 

-  3.1 

5800 

5100 

12 

-  6.0 

-  3.9 

5800 

5100 

13 

-  6.2 

-  3.8 

5800 

5300 

14 

-  6.3 

-  4.5 

5900 

5100 

15 

-  6.6 

-  4.3 

5900 

5300 

16 

-  6.8 

-  5.0 

5900 

5450 

17 

-  7.0 

-  4.6 

5900 

5450 

18 

-  7.0 

-  5.0 

5800 

5450 

19 

-  7.0 

-  4.4 

5800 

5450 

20 

-  7.5 

-  5.0 

5600 

5450 

21 

-  8.0 

-  4.5 

5500 

5300 

22 

-  9.0 

-  4.8 

5400 

5300 

23 

-11.0 

-  4.9 

5200 

5000 

*  Row  of  fragments  closest  of  booster  end  of  warhead 
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TABLE  2.2. A 

COMPARISON  OF  PREDICTED  AND  MEASURED  FRAGMENT  VELOCITIES 
AND  POLAR  EJECTION  ANGLES  FOR  THE  19- INCH  DIAMETER,  200-LB  PREFORMED 
HEX  HIBAL  WARHEAD,  FOR  700-GRAIN  HEX  HIBALS 


FRAGMENT 

ROW 

|  POLAR  EJECTION  ANGLE  (deqrees) 

FRAGMENT  VELOCITY  (ft/sec) 

■  linn  ill— 

PREDICTED 

MEASURED 

1* 

+25.0 

+  15.0 

4600 

3500 

2 

+  8.8 

+  4.9 

4850 

3900 

3 

+  5.0 

+  0.8 

5050 

4300 

4 

0 

-  0.7 

5250 

4500 

5 

-  1.5 

-  2.6 

5400 

4600 

6 

-  2.5 

-  3.5 

5500 

4700 

7 

-  3.0 

-  4.6 

5600 

4800 

8 

-  4.0 

-  4.2 

5600 

4900 

9 

-  4.5 

-  5.5 

5600 

4900 

10 

-  5.0 

-  5.3 

5600 

4900 

11 

-  5.5 

-  6.1 

5500 

4900 

12 

-  5.5 

-  6.0 

5400 

4800 

13 

-  8.0 

-  7.6 

5200 

4600 

14 

-15.0 

-10.3 

5000 

4500 

♦Row  of  fragments  closest  to  booster  end  of  warhead 
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TABLE  2.2,5 


“rV-.- 


COMPARISON  OF  PREDICTED  AND  MEASURED  FRAGMENT  VELOCITIES 
AND  POLAR  EJECTION  ANGLES  FOR  THE  8- inch  DIAMETER,  80-LB 
FI  REFORMED  HIBAL  WARHEAD 


FRAGMENT 

POLAR  EJECTION  ANGLE  (degrees) 

FRAGMENT  VELOCITY  ( ft/sec )| 

ROW 

PREDICTED 

— hi  mm  ■ 

PREDICTED 

— 1  Iff  I1!  1  111 

1* 

+  5.1 

+  8.5 

4100 

4500 

2 

-  1.0 

+  4.1 

4300 

4300 

3 

-  1.3 

-  1.0 

4600 

4800 

4 

-  1.9 

-  1.9 

4800 

5300 

5 

-  2.6 

-  3.6 

5000 

5300 

6 

-  4.8 

-  4.2 

5100 

5300 

7 

-  4.9 

-  5.0 

5200 

5300 

8 

-  5.8 

-  5.6 

5300 

5300 

9 

-  5.8 

-  5.6 

5400 

5500 

10 

-  6.2 

-  5.8 

5500 

5500 

11 

-  6.3 

-  6.3 

5500 

5500 

12 

-  6.6 

-  6.7 

5500 

5500 

13 

-  6.8 

-  6.3 

5400 

5300 

14 

-  7.2 

-  6.2 

5300 

5300 

15 

-  7.8 

-  5.6 

5000 

5300 

*  Row  of  fragments  closest  to  booster  end  of  warhead. 
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TABLE  2.2.6 


COMPARISON  OF  PREDICTED  AND  MEASURED  FRAGMENT  VELOCITIES 
AND  POLAR  EJECTION  ANGLES  FOR  THE  i!. 5- inch  O.D.,  135-lb 
FI  REFORMED  HIBAL  WARHEAD 


FRAGMENT 

POLAR  EJECTION 

ANGLE  (decrees) 

|  FRAGMENT  VELOCITY  (ft/sec) 

ROW 

PREDICTED 

p  MEASURED* 

■ll  Hill  III  — 

— iii  ii  mi 

1  + 

+20.0 

+  7.6 

4450 

4800 

2 

-  1.0 

-  1.0 

5150 

5200 

3 

-  1.3 

+  3.3 

5350 

5500 

4 

-  1.9 

-  0.4 

5550 

5500 

5 

-  2.6 

-  2.5 

5600 

5500 

6 

-  4.8 

5650 

5500 

7 

-  4.9 

5650 

5500 

8 

-  5.8 

5700 

5500 

9 

-  5.8 

5700 

5500 

10 

-  6.2 

5700 

5500 

11 

-  6.3 

5700 

5500 

12 

-  6.6 

5650 

5500 

13 

-  6.8 

5550 

5500 

14 

-  7.8 

5350 

5200 

15 

-11.0 

-  7.1 

5000 

5200 

+  Row  of  fragments  closest  to  the  booster  end  of  warhead. 

*  Fragment  lengthwise  pairs  made  it  impossible  to  provide  specific 
values  for  fragment  rows  3  through  14.  All  hits  fell  between  -2.5° 
and  -7.1°,  however. 


TABLE  2.2.7 

COMPARISON  OF  PREDICTED  AND  MEASURED  FRAGMENT  VELOCITIES 
AND  POLAR  EJECTION  ANGLES  FOR  THE  11. 5- INCH  DIAMETER, 


FRAGMENT 

POLAR  EJECTION 

ANGLE  (degrees) 

1  FRAGMENT  VELOCITY  (ft/sec) 

ROW 

'  PREDICTED 

— iimiiii 

PREDICTED 

MEASURED 

1+ 

+  7.0 

+  9.5 

4600 

4500 

2 

-  1.0 

+  4.5 

5200 

4700 

3 

-  1.3 

+  1.9 

5400 

4800 

4 

-  1.9 

-  0.5 

5500 

5000-5300 

5 

-  2.6 

-  4.0 

5600 

5000-5300 

6 

-  4.8 

5700 

5000-5300 

7 

-  4.9 

5700 

5200-5700 

8 

-  5.8 

5700 

5200-5700 

9 

-  5.8 

5800 

5200-5700 

10 

-  6.2 

5800 

5200-5700 

11 

-  6.3 

5800 

5200-5700 

12 

-  6.6 

5900 

5200-5/00 

13 

-  6.8 

5900 

5200-5700 

14 

-  7.0 

5800 

5200-5700 

15 

-  7.5 

5800 

5200-5700 

16 

-  8.0 

5600 

5200-5700 

17 

-  8.5 

5500 

5200-5700 

18 

-  9.0 

5400 

5200-5700 

19 

-11.0 

HQ 

5000 

5200-5700 

♦  Row  of  fragments  closest  to  the  booster  end  of  warhead. 

*  Because  some  fragment  lengthwise  pairing  and  some  breakup  occurred, 
specific  values  of  polar  ejection  angle  cannot  be  assigned  fragment  rows 
6  through  19.  All  hits  occurred  between  -4.0°  and  -7.5°,  however. 


f 
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3.0  CONCLUSIONS 


In  general,  the  Preliminary  Warhead  tests  have  demonstrated  that  the 
original  design  criteria  can  be  satisfied  by  both  preformed  and  fi reformed 
warhead  designs. 


3.1  CONCERNING  FRAGMENT  EJECTION  CHARACTERISTICS 


3.1.1  FRAGMENT  VELOCITY  (Fi reformed  vs  Preformed) 

For  equal  charge-to-metal  ratios  and  equal  shroud  conditions  there 
is  no  significant  difference  between  the  fragment  velocities  achieved  with 
a  fireformed  fragment  case  and  the  fragment  velocities  achieved  with  a 
preformed  fragment  case. 

Ejection  velocities  can  be  accurately  predicted,  as  described  in 
Section  3.4. 


3.1.2  POLAR  ANGLE 

Polar  ejection  angles  can  be  accurately  predicted  for  both  the 
fireformed  and  preformed  fragments  with  the  methodologies  presented  in 
Section  3.4  and  in  Appendix  III,  with  the  exception  of  the  row  of  fragments 
nearest  each  end  of  the  warhead.  The  end  row  of  fragments  is  very 
sensitive  to  the  end  configuration,  and  changes  in  the  polar  ejection  angle 
as  a  function  of  the  end  configuration  cannot,  at  this  time,  be  predicted 
with  confidence. 


3.2  CONCERNING  THE  OPPOSED  GROOVE  FIREFORMING  TECHNIQUE  FOR  GENERATING 
HIBAL  FRAGMENTS 

The  results  summarized  in  Section  2.2.2  demonstrate  the  feasibility 
of  generating  fireformed  fragments  with  the  shape  and  toughness  needed  to 
qualify  as  HIBAL-type  fragments,  from  all  four  warhead  sizes. 


3.3.  WARHEAD  MODELS  FORMULATED  FOR  USE  IN  END  GAME  ANALYSES 

The  warhead  models  which  were  formulated  for  use  in  the  end  game 
analysis  during  the  next  phase  of  HIBAL  effort  are  presented  in 
Tables  3.3.1  through  3.3.8.  A  high  level  of  confidence  is  placed  in 
the  ability  of  the  warhead  designs  described  in  Tables  3.3.9  and  3.3.10 
to  generate  fragments  having  the  characteristics  given  in  Tables  3.3.1 
through  3.3.8. 


3.4  GUIDELINES  FOR  THE  DESIGN  OF  FUTURE  WARHEADS 


3.4.1  WARHEAD  CHARACTERIZATION 

Curves  presented  in  Figures  3.4.1  through  3.4.4  can  be  used  to 
predict  fragment  ejection-angles  and  velocities  for  each  of  the  four 
warhead  sizes  presented  herein,  and  are  deemed  adequate  for  predicting 
either  preformed  or  fi reformed  fragments. 

It  should  be  noted  that  changes  in  the  design  of  the  ends  of  the 
warhead  can  significantly  alter  the  fragment  ejection  characterization 
near  the  ends. 


3.4.2  OPPOSED-GROOVE  DESIGN 

When  designing  warheads  utilizing  the  opposed  groove  technique, 
caution  should  be  exercised  when  designing  fragment  sizes.  The  metal 
weight  removed  in  the  both  the  grooving  process  and  f i reforming  process 
must  be  planned  for. 


3.4.3  Structural  Strength 

Because  of  the  deep  grooves  required  to  produce  good  breakup  of 
the  warhead  case,  there  is  no  structural  advantage  of  the  solid-case, 
opposed-groove  design,  over  a  preformed  fragment  design  having  inner 
and  outer  stress  skins. 
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4.0  EVALUATION  OF  UNCERTAINTIES 

4.1  FOR  ROTH  PREFORMED  AND  FIREFORMED  FRAGMENT  WARHEADS 


4.1.1  END  CONFIGURATION 

Missile  attachment  structural  details  are  likely  to  have  a  signifi¬ 
cant  effect  on  the  velocity  and  polar  ejection  angles  of  the  fragments 
located  closest  to  the  ends  of  the  warhead. 


4.1.2  SHROUD  DETAILS 

The  missile  shroud  used  in  any  given  application  may  differ  from 
the  simulations  used  in  these  tests  and  this  may  significantly  alter 
the  effect  on  fragment  velocity,  ejection  angles,  shape  and  weight. 


4.2  PREFORMED  FRAGMENT  WARHEADS 


4.2.1  SKIN  THICKNESS 

The  skin  thickness  (both  inside  and  outside)  necessary  to  meet 
environmental  and/or  structural  requirements  in  any  given  application 
may  differ  significantly  from  the  thickness  used  in  these  tests.  The  use 
of  different  skin  thicknesses  may  significantly  affect  fragment  polar 
ejection  angle,  velocity,  shape  and  weight. 


4.3  FIREFORMED  FRAGMENT  WARHEADS 


4.3.1  FRAGMENT  CASE  ALLOY 

Opposed  groove  designs  may  change,  in  terms  of  the  metal  thickness 
between  the  apexes  of  the  opposed  grooves,  for  differing  alloys.  No 
problem  is  foreseen  in  developing  an  opposed  groove  design  which  will 
properly  fi reform  fragments  for  most  alloy  steels,  or  mild  steels. 
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TABLE  3.3.1 


WARHEAD  CHARACTERIZATIONS 

PREDICTED  FOR  8- inch  DIAMETER  X  80-t.B  WARHEADS 
CONI  AIN  INC  PREFORMED  HEX  HI  HAL  E RAGMEN  IS 

(BASED  ON  DATA  OBTAINED  FROM  TEST  NO.  QN0319A0) 


FRAG.  WT. 

500-grain 

900- onn  n  | 

TOTAL  NO. 

4  SO 

352 

WIDTH  ACROSS 
FLATS 
(inch) 

7/8 

1 

1-1/8 

THICKNESS 

(inch) 

0.42 

0.42 

0.42 

ROW  NO. 

FRAGMENT  EJECTION  CHARACTERISTICS  (1) 

|  VELOCITY 
(ft/sec) 

POLAR  MCGEE 
(deqrees ) 

VELOCITY 

(ft/sec) 

nstlOT  ArlSLE 
(degrees) 

VELOCITY  i 
(ft/sec) 

mrnSSam 

■ 

■  ’  ■ 

■  ■ 

H " 

l 

+4.5 

4300 

+4.0 

4300 

+  3.5 

4400 

2 

+  1.0 

4700 

+1.0 

4700 

+0.5 

4H00 

3 

0.0 

5000 

-1.0 

5000 

-1.5 

5ioo 

4 

.  -1-5 

5200 

-2.0 

5300 

-2.5 

5300 

5 

-2.5 

5300 

-3.0 

5400 

-3.5 

5500 

6 

-3.0 

5400 

1  Hi  MTU  WHi 

-4.0 

5600 

7 

-3.5 

5500 

1SB 

5600 

-4.5 

56(1 0 

8 

-4.0 

5600 

-4.5 

5600 

-5.0 

5700 

9 

HOI 

5600 

-5.0 

5700 

-5.0 

5700 

10 

SB 

-5.0 

5700 

-5.5 

5700 

11 

-5.0 

-5.5 

5700 

-5.5 

5700 

12 

-5.0 

5700 

-5.5 

5700 

-6.0 

5700 

13 

5700 

-5.5 

5700 

5600 

14 

5700 

-6.0 

5600 

wmrfKwm 

5500 

15 

-6.0 

5700 

-6.0 

56G0 

16 

SSKSflEEl 

5600 

-6.0 

6500 

17 

-6.0 

5600 

18 

-6.0 

5500 

■MOM! 

■MHM 

mmKim 

ISilSlliHi: 

^ 0 

HI 

NOTES: 

(1)  Polar  angle  is  given  from  the  fragment  c.g.  relative  to  a  normal  to  the  warhead 
axis  through  that  c.g.  Plus  angles  are  toward  the  booster  end.  Velocity  is  the 
estimated  average  velocity  measured  over  the  first  fifteen  feet  of  travel  in  a 
Static  arena  test,  including  losses  through  shroud(s)  and  insulation. 

(2)  A  and  B  are  end- ring  rows. 

(3)  Booster  end. 
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TABLE  3,3.2 


WARIOD  CHARACTERIZATIONS 

PREDICTED  FOR  8- inch  DIMETER  >:  80-l.B  WARHEADS 
CONTAINING  FI  REFORMED  H1BAL  FRAGMENTS 

(BASED  ON  DATA  OBTAINED  IN  TEST  NO.  QN0225A0) 


Fragment  details  (ii  1 

FRAG.  K1 . 

SOO-grai n 

700-gra;  n 

!  900- ora  in 

TOTA1.  NO. 

504 

375 

!  786 

CTrcuMferent I al 

WIDTH: 

(  INSIDE 

0.799 

0.89 

5 

1.017 

I"  OUTSIDE 

0.898 

1.005 

1.147 

E&ng  it  uu  i  Sal 

WIDTH: 

0.833 

1.0 

1.154 

THICKNESS 

0.4375 

0.43 

75 

0.43/5  i 

" 

— 

FRAGMENT  EJECTION 

char  act  Oust  i  cs  "TTj 

. j 

FRAGMENT  ROW 

POLAR  ANGLE 
_ (degrees) _ 

VELOCITY 

(Tt/sec) 

POLAR  ANGLE 
(degrees) 

VELOCITY 
( ft/sec) 

POLAR  ANGLE 
(degrees ) 

VELOCITY  | 

_ltt/M’0  j 

1  (3) 

+  14.0 

4300 

+  13. 5 

4400 

+T  3 . 0 

4400 

2 

a  8.0 

4GOO 

+  6.0 

4600 

+  5.0 

4700  ' 

3 

+  3.0 

4800 

+  1.5 

4800 

0.0 

4990 

4 

+  0.0 

4900 

-  1.0 

5000 

-  2.0 

5100 

5 

-  1.5 

5100 

-  3.0 

5200 

-  4.0 

'5  7  00 

6 

-  3.0 

5200 

-  4.0 

5300 

-  5.0 

5300 

7 

-  4.0 

5300 

-  5.0 

5400 

-  5.5 

5400 

8 

-  5.0 

5400 

-  5.5 

5400 

-  6.0 

5500 

9 

-  5.5 

5400 

-  6.0 

5500 

-  6.5 

5530 

10 

-  6.0 

5400 

-  6.5 

5500 

-  6.5 

5500 

11 

-  6.0 

5500 

-  6.5 

5500 

-  6.5 

5400 

12 

-  6.5 

5500 

-  6.5 

5400 

-  6.0 

5400 

13 

-  6.5 

5500 

-  6.5 

5400 

-  5.5 

5300 

14 

-  6.5 

5500 

-  6.0 

5300 

IS 

-  6.5 

5400 

-  5.5 

5300 

16 

-  6.5 

5400 

17 

-  6.0 

5300 

18 

-  5.5 

5300 

NOTES: 

(1)  All  linear  dimensions  are  in  inches. 

(2)  Polar  angle  is  given  from  the  fragment  c.g.  relative  to  a  normal  to  the  warhead 
axis  through  that  c.g.  Plus  angles  are  toward  the  booster  end.  Velocity  is  the 
estimated  average  velocity  measured  over  the  first  fifteen  feet  of  travel  in  a 
static  arena  test,  including  losses  through  shroud(s)  and  insulation. 

(3)  Booster  end. 
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TABLE  3.3,3 


WARHEAD  CHARACTERIZATIONS 

PREDICTED  FOR  11. 5- inch  DIAMETER  x  135-lr  WARHEADS 
CONTAINING  PREFORMED  HEX  H1BAL  FRAGMENTS 

(BASED  ON  DATA  OBTAINED  IN  TEST  NO.  QN051HA0) 


1  FRAGMENT  DETAILS 

FRAG.  WT. 

600-qrain 

700-qrain  • 

900- grain 

TOTAL  NO. 

720 

560 

403 

WIDTH  ACROSS 
FLATS 
(inch) 

13/16 

15/16 

1-1/16 

THICKNESS 

(inch) 

0.485 

0.485 

0.485 

ROW  NO. 

FRAGMENT  EJECTION  CHARACTERISTICS  (1) 

POLAR  ANGLE 
(deqrees) 

VELOCITY 

(ft/sec) 

POLAR  ANGLE 
(degrees) 

VELOCITY 

(ft/sec) 

POLAR  ANGLE 
(deqrees) 

VELOCITY 

(ft/sec) 

A  (2)  (3) 

1 

+6.0 

4100 

+5.0 

4100 

+  5.5 

4150 

2 

+1.0 

4300 

+1.5 

4750 

+2.0 

4600 

3 

-0.5 

4900 

-1.0 

4950 

0.0 

4900 

4 

-2.0 

5100 

-2.0 

5200 

-1.0 

5150 

5 

-3.0 

5400 

-3.5 

5300 

-2.0 

5300 

6 

-4.0 

5400 

-4.0 

5350 

-3.0 

5400 

7 

-5.0 

5400 

-5.0 

5400 

-3.5 

5450 

8 

-5.5 

5400 

-5.5 

5400 

-4.0 

5500 

9 

-6.0 

5400 

-6.0 

5400 

-4.5 

55(50 

10 

-6.0 

5400 

.  -6.5 

5400 

-5.0 

55O"0 

11 

-6.5 

5400 

-7.0 

5400 

-5.0 

5450 

12 

-7.0 

5400 

-7.0 

5400 

-5.5 

5400 

13 

-7.0 

5400 

-7.0 

5400 

-6.0 

5350 

14 

-7.5 

5400 

-7.5 

5400 

15 

-7.5 

5400 

-7.5 

5400 

16 

-8.0 

5400 

-8.0 

5400 

17 

-8.0 

5400 

18 

-8.0 

5400 

BT2) 

NOTES: 

(1)  Polar  angle  is  given  from  the  fragment  c.g.  relative  to  a  normal  to  the  warhead 
axis  through  that  c.g.  Plus  angles  are  toward  the  booster  end.  Velocity  is  the 
estimated  average  velocity  measured  over  the  first  fifteen  feet  of  travel  in  a 
Static  arena  test,  including  losses  through  shroud(s)  and  insulation. 

(2)  A  and  B  are  end- ring  rows. 

(3)  Booster  end. 
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TABLE  3, 3, A 


I 

I 


I 

WARHEAD  CHARACTERIZATIONS  (4) 

|  PREDICTED  FOR  .1 .1 . 5-  inch  D!  AF  TER  x  135-1  H  WARHEADS 

1  CONTAINING  F 1  REFORMED  H 1  HAL  FRAGMENTS 

(BASED  ON  DATA  OBTAINED  IN  TEST  NO.  QN051AA0) 


FRAGMfNT  DETAIL 

sin 

1 

FRAG.  WT. 

500-grain 

700- -drain 

900- him  in  ! 

TOTAL  NO. 

731 

555 

429  “1 

ClKCUN.ri  RLNEIAI. 

WIDTH: 

1  INSIDE 

0.707 

0.R9? 

1.000 

1  Outside 

0.84 

D 

0.976 

1.09 

J  j 

LONCTlUDliiAL 

WIDTH: 

0.8?4 

0.933 

1.077 

_ thiu;n;ss_ 

_ _0._£»00  _ 

_ 0..500 _ 

0.500 

ERAGKENT  EJECTION  CHARACTERISTICS  (7. 

) 

FRAGMENT  ROW 

polar  angll 

(degrees) 

VEL0C1 TV 
(ft/sec) 

POLAR  ANGLE 
(degrees) 

VLEOCliV 

(ft/sec) 

POLAR  ANGLE 
( degrees ) 

VE!  OC I TV  : 
(ft/sec)  1 

....  1  (3) 

•t4.5 

4100 

+4.0 

4  ?  00 

+4.0 

4200  j 

2 

+2.5 

4500 

+2.0 

45:. 0 

+  1.0 

4000  ! 

3 

0.0 

4  7!iH 

-0.5 

4800 

-1.0 

4900  | 

4 

-1.5 

4900 

-2.0 

5r;i'.i 

-2.5 

5100  ! 

5 

-2.5 

5  UK) 

-3.0 

5200 

-3.5 

5300  I 

6 

'3  .5 

570-j 

-4.0 

53: ;  J 

-4.5 

5400  S 

1 

-4.0 

5300 

-4.5 

5400 

-5.0 

5450  ; 

6  '  ' 

-4.5 

9-,'Hl 

-5.0 

5450 

-5.5 

5500  1 

. 9 

-5.0 

5  0  0 

-5.5 

5300 

-6 . 0 

5500  i 

10 

-5.5 

55'.  .1 

-6.G 

5500 

-6.5 

5500  1 

11 

-0.0 

5500 

-0.0 

5500 

-6.5 

..  MOO.  | 

12 

-0.0 

!>MjO 

-0.5 

5500 

-7.0 

5400 

13 

-6.5 

5500 

-7.0 

5400 

-7.0 

5350 

14 

-0.5 

54  50 

-7.0 

5400 

lb 

-7.0 

5400 

-7.0' 

5350 

10 

-7.0 

5400 

17 

-7.0 

5300 

NOTES;  Jj 

(])  AU  linear  dimensions  aro  in  inches.  j 

(2)  Polar  angle  is  given  from  the  fragment  c.g.  relative  to  a  normal  to  the  warhead  1 

axis  through  that  c.g.  P’us  angles  are  toward  the  booster  end.  Velocity  is  the 

estimated  average  velocity  measured  over  the  first  fifteen  loot  of  travel  in  a 
static  arena  test,  including  losses  through  shroud(s)  and  insulation. 

(3)  booster  end.  j 

(4)  The  rluracleri rations  shown  on  this  page  reflect  Ihe  data  from 

Uie  relevant  tests  reported  herein,  but  are  not  to  be  used  tor  !■ 


TABLE  3.3.4A 


(1)  All  linear  dimensions  are  in  ind.es. 

(2)  Polar  angle  is  given  from  the  fragment  c.g.  relative  to  a  normal  to  the  warhead 
axis  through  (hat  c.g.  Plus  angles  are  toward  the  booster  end.  Velocily  is  th 
estimated  average  velocity  Measured  over  the  first  fifteen  feet  of  travel  in  a 
static  arena  test,  including  losses  through  shroi'd(s)  and  insulation. 

(3)  Rooster  end. 

(A)  1  tie  characteri  za1  ions  given  on  t  his  page  are  based  upon  ttie 

results  obtained  from  Test  ho.  QIK102GA0,  which  is  not  reported 
herein.  The  Kih-lb  warhead  tested  in  QIIUOXCAO  incorporated 
the  recommended  design  details  given  on  page  AO  nf  this  report, 
for  the  700-grain  version  of  a  13'j-lti  fire  formed  111  MAI  warhead. 

The  results  oh  Lai  tied  from  Q’JO'JPbAO  will  be  reported  fully  in  a 
subsequent  report.  The  characterizations  on  this  page  will  be 
used  in  the  second  phase  HJliAl.  end-game  analysis  since  they 
reflect  the  performance  of  the  recommended  designs. 


PAGE  2GA 


TABLE  3,3.5 


WARHEAD  CHARACTERIZATIONS 

PREDICTED  FOR  11.5-inch  DIAMETER  x  200-i.n  WARHEADS 
CONTAINING  PREFORMED  HEX  II1BAL  FRAGMENTS 

(BASED  ON  DATA  OBTAINED  IN  TEST  NO.  QN0A29A0) 


FRAGMENT 

DETAILS 

FRAG.  WT. 

500-qrain 

7 00- grain  • 

900-qrain 

TOTAL  NO. 

1161 

851 

640 

Willi  H  ACROSS 
FLATS 
(inch) 

3/4 

7/a 

1 

THICKNESS 

(inch) 

0.548 

0.548 

0.548 

FRAGMENT  EJECTION 

CHARACTERISTICS  (1) 

ROW  NO. 

POLAR  ANGLE 
(degrees ) 

VELOCITY 

(ft/sec) 

POLAR  ANGLE 
(degrees ) 

VELOCITY 
(ft/s ec) 

POLAR  ANGLE 
(deqrees) 

VELOCITY 

(ft/sec) 

WMMQUQWm 

l 

+  11.5 

4100 

+10.0 

4100 

+  7.5 

4100 

2 

+  7.0 

4200 

+  5.0 

4200 

+4.5 

4250 

3 

+  4.0 

4300 

+  2.5 

4350 

+  2.0 

4400 

4 

+  2.5 

4400 

+  1.0 

4S00 

0.0 

4550 

5 

+  1.0 

4500 

-  1.0 

4600 

-1.0 

4/00 

6 

+  0.5 

4650 

-  1.0 

4700 

-2.0 

4800 

7 

-  0.5 

4700 

-  2.0 

4850 

-2.5 

4950 

B 

-  1.0 

4800 

-  2.5 

4950 

-3.0 

5100 

9 

-  1.5 

4900 

-  3.0 

5050 

-3.0 

5200 

10 

-  2.0 

5000 

-  3.0 

5150 

-3.5 

5300 

11 

-  2.0 

5100 

-  3.5 

5250 

-4.0 

5350 

12 

-  2.5 

5200 

-  3.5 

5300 

-4.0 

5450 

13 

-  3.0 

5250 

-  4.0 

5400 

-4.0 

5500 

14 

-  3.0 

5300 

-  4.0 

5450 

-4.5 

5500 

IS 

-  3.0 

5400 

-  4.0 

5500' 

-4.5 

5500 

16 

-  3.5 

5450 

-  4.0 

5500 

-4.5 

5500 

17 

-  3.5 

5500 

-  4.0 

5500 

-4.5 

5450 

18 

-  4.0 

5500 

-  4.5 

5500 

-5.0 

5350 

19 

-  4.0 

5500 

-  4.5 

5500 

-5.0 

5200 

20 

-  4.0 

5500 

-  4.5 

5400 

-5.0 

4950 

21 

-  4.0 

5500 

-  5.0 

5300 

22 

-  4.0 

5500 

-  5.0 

5150 

23 

-  4.0 

5450 

-  5.0 

4950 

- 23 - 

-  4.0 

5350 

2S 

-  4.0 

5250 

26 

-  4.0 

5100 

27 

-  4.0 

4950 

-  --B  m  Z 

NOTES: 

(1)  Polar  angle  is  given  from  the  fragment  c.g.  relative  to  a  normal  to  the  warhead 
axis  through  that  c.g.  Plus  angles  are  toward  the  booster  end.  Velocity  is  the 
estimated  average  velocity  measured  over  the  first  fifteen  feet  of  travel  in  a 
Static  arena  test,  including  losses  through  shroud(s)  and  insulation. 

(2)  A  and  B  are  end- ring  rows. 

3}  Booster  end- 
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TABLE  3.3.6 


WARHEAD  CHARACTERIZATIONS  (4) 

PREDICTED  TOR  .1.1. 5-inch  DIAMETER  x  200-i.P  WARHEADS 
CON  I A 1 Ni NG  FI  REFORMED  H I  DAI  F  RAGMEN  I S 

(BASED  ON  DATA  OBTAINED  IN  TEST  NOS,  QN0328A0  and  0N0A29A0) 


“ _ FRAG.  WT.  _ 

_ ;  tOTAINO.  _ 

C1RCUMI  LRLUTIAL 
WIOTH:_ 
pNSll)?. 
Join  sun  _ 

~  LONG  1  TUi)  1  NVvL  ” 

_  WIDTH: 

TJj]CKr;t.ss 


FRAGMENT  ROW 

zz::.03 r;: 

_  ?  _ 

_ 3~~  " 

"4"  ' 


_600-ura  in_ 
1144  ' 


"fragment  _i)  rr  a  iij£  T  i  r 

'  /Olf-nrain 

836  ~  ~ 


90T)  -  (j  t-,.  jn_ 
6  80 


FRAGMENT  EJECTION  CHARACTER 


.  AR’ANG!  1 " 
Jetirees) 

•'  5.0 
oj.i, 

Vt'lOCllY 

(ft/sec) 

_ 4)00  £ 

4  4-uo 

02.6 

4300 

0  1.!, 

4400 

+0.5 

4  600 

-0.6 

4000' 

-1.0 

4/0'i 

-.i.-J-  ... 

4800 

-2.0 

4900 

-3.0 

5000 

-3.0 

6100 

-3.6 

6200  j_ 

I'i.LOU  i  Y" 
(ft/sec) 
4)00 


POTV.Tf 'Ah 
(d'-oree 

<  5  .Ti 
4  3.Tr 
"  j>.c' 
'  +"().' 6 


_ 13 _ _ -3.£>  1  6300 _  -i.0_  _  6490  I  _  -4.5_  "  > 

£ _ 1*4 _ -4~. 0  T  . 6400  _  1  ”  _"6600  j  '"-4.6  '  ’  ■ 

_  16’  [  -4.0  ’ P  “6400  "  -4 .6  '*  _  5500 ’£  i  -4 1 6 

16 _  -4.0’"" ’ _ £6600  l"  _£_£?'-\ _  _"6LOO _ “ii.O 

_ 17 _ _ -4.6 _  _ _ _ 6500  _ _ - s.O _ 6600  - 6 .  0 

_ _ _18 _ _ _  -~4~.~6  _ 6600  ""J _ -b.tr  _  £_!>400  ’"  -S7f) .  " 

19"  *  -4’.' 5  5566  ’  -6.0"  6400  ]  -6.u“ 

_ ?0 _ £4.6 _  bbtlO"  _  -b'.*0~  _  6300"’'  '  -bit) . 

_ 21  -5.0  ‘  6600  '  -5.0  *  5700  '  ’’ 

22  ’  -6  ."O  ”  5600  -6.0  . 6000  " 

23  -6.0  ’  6400  "  ’  ’  .  ’  " 

24  ’  ’  -5.0  ~  6300’  "  '  " 

26  *  -6.0  '  5100  ’  " 

_  26 _ J'  -~6~. 0  ’4900"  "[  _ £ _ _ | - - 

NOTTS: 

(1 )  All  linear  dimensions  are  in  inches. 

2)  Polar  angle  is  given  from  the  f  rag-sent  c.g.  relative  to  a  normal  to  the  warhead 
axis  through  that  c.q.  Plus  angles  are  toward  the  booster  end.  Velocity  is  the 
estimated  average  velocity  measured  over  the  first  fifteen  feet  of  travel  in  a 
static  arena  test,  including  losses  through  shroud(s)  and  insulation. 

(3)  Booster  end. 

(4)  The  characterizations  shown  on  this  page  reflect  the  data  from 
the  relevant  tests  lenorted  herein,  hut.  are  not.  to  he  used  fur 
the  second  phase  it  I  HAL  end-game  analysis.  See  Note  4  on  page 
28  A. 
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.  t  LOCH  Y 
i  ft/-  eel 
"'111.., 
"4, '00 

A  4!  i.i 
“4UI,., 

"  /, ;  i ; 

~4-<90 
"EbC.'j 
£6]  80 

526.1  ’ 
64  6i> 
660.; 
660;! 

’  6500 


TABLE  3.3.6A 


WARM. AD  CHARACTER  I /AT  1 ONS 

PREDICTED  TOR  Ll.T  il.'CH  DIAMETER  x  200-1  n  WARHEADS 
CONTAINING  ElRITORnEl)  II I  Mil.  I  RACT.NTS 
(BASED  ON  DATA  OBTAINED  IN  TEST  NO.  UNO'J/GAO)  (A) 


CMC..  W1 . 

totai  ;;o. 
C)KCUv.i  !  W.MI/1E 
WI  mil : 

INS  I  Id 
01 II'.  i  ;:r 
i.uiiGi'uvii;/.! 
WIDTH: 
Tiun.:n.st 


I  RAC!!  RT  HOG 

i  co. 


WlO-ciM  in 

]  Mei  ' 


T  KAOM:  til  I'll  All  X  (])' 

I  /Oil  in\.  iii 

H.ib 


U.l  ini  nr 
AVG.l)-]  •' 
Ml/-,.  ) 


IRAGin.'T  urr.Tlu:;  cmR-v.HRisi 


■: iV'“. )  | 


1  Vi !  :\  i  1  - 

I  AVI.. 0-  I  :• 


NOT  I.  S : 

All  linear  <i  imeii'  inns  arc  in  inches. 

I’oliir  ori'i 1 1*  is  'livi'ti  from  tin-  fr,\i;r.(-nt  c  .q.  relative  1"  a  norr.nl  In  tlu>  warhead 
axis  throunh  that  c.n.  I’lus  angles  are  i.nw.iru  the  booster  end.  Veto,  i  t  v  is  1  h 
PSlit'iated  average  velocity  iiieasmed  over  tin'  first  tild.-n  ti-i-i  ot  ti.ivrl  in  a 
Static  arena  test,  including  losses  through  shroud(s)  .1:1,1  iusulat  ion. 
lions  ler  eml. 

Tin:  f I1.1r.1c  terivations  qivi-ii  on  (his  page  .ire  based  u|inn  the 
results  obtain'd  fron  lesl  flu.  (JNl)V(/d>,  wlmh  is  not  1  eperted 
herein.  I  lie  1 3  1 1,  t:nrhf..d  tested  m  (,r;u':.'nA0  inrnrp'  r.ited 

the  recoin.. .ended  design  tils  ,|iven  ,.n  |mi  e  *10  nl  tin-.  Mpnrt, 
for  the  700  grain  version  ot  a  l.T.-lb  I  i  i  e|  eri::ed  Itll'.AI  warhead. 

The  results  obtained  (10:11  o.'IG Vf.AO  will  I"  ri.'iiorted  fully  in  .1 
SUhsrguent  report.  The  t.h  1 1 .11.  ter  1  /a  l  ions  on  this  paq-  will  he 
used  in  tie  sn  end  phase  HI! :/■  I  rnb-gai:i'  analysis  since  they 
reflect  tin.  pi  rf  oii.i.uk  e  o(  the  r<  cenui'i  mled  designs. 
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TABLE  3.3.7 


WARHEAD  CHARACTERIZATIONS 

PREDICTED  FOR  19-inch  DIAMETER  X  200-LB  ANNUtAR  WARHEADS 
CONTAINING  PREFORMED  HEX  HIBAL  FRAGMENTS 

(BASED  ON  DATA  OBTAINED  IN  TEST  NO.  QN0RO9A0) 


FRAG.  WT 


—n» 

■gnggni 


FRAGMENT  details 


700-grain 


FRAGMENT  EJECTION  CHARACTERISTICS  (1) 


1  JJ) 


2 


POLAR  ANGLE 
(degrees) 

+  17.0 
+12.5 


VELOCITY  !  POLAR  ANGLE  TVELO  CITY' 


[ft/secj 
_  3600 _ 
3950 


4200 


44  50 


4650 


4800 


(deorees 

_ + 15^  0_ 

+'  5.0 


+  1.0 


-  1.0 


ft/sec) 
J65G  _ 
4000' 


POLAR  A  NOTE 

_ [degrees )_ 

*13.0 
+  3. 5“ 


PVEIOCT 

(ft/se 


t /set J 
3 700 
4  ISO 
0" 
Cf 
0 
0 


(1)  Polar  angle  is  given  from  the  fragment  c.g.  relative  to  a  normal  to  the  warhead 
axis  through  that  c.g.  Plus  angles  are  toward  the  booster  end.  Velocity  is  the 
estimated  average  velocity  measured  over  the  first  fifteen  feet  of  travel  in  a 
static  arena  test,  including  losses  through  shroud(s)  and  insulation. 

(2)  Booster  end. 
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NOTES: 

!1)  All  1  inear  dimensions  are  in  inches. 

2)  Polar  angle  is  given  from  the  fragment  c.g.  relative  to  a  normal  to  the  warhead 
axis  through  that  c.g.  Plus  angles  are  toward  the  booster  end.  Velocity  is  the 
estimated  average  velocity  measured  over  the  first  fifteen  feet  of  travel  in  a 
static  arena  test,  including  losses  through  shroud(s)  and  insulation. 

(3)  Booster  end. 

(4)  These  values  conform  to  data  for  preformed  fragments.  Values  for  fi reformed  fragments 
may  differ  when  proper  firefonning  is  achieved. 
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POLAR  ANGLE 


VELOCITY 


7000 


POLAR 

EJECTION 

ANGLE 

MEASURED  FROM 
FRAGMENT  C.g. 
(PLUS  IS 
TOWARD 
BOOSTER-END 

(degrees) 


+  51 


-  5H 


l 


^-6000 

5000 

4000 

L3000 


FRAGMENT 

VELOCITY 

(ft/sec) 


-lOH 
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PREDICTED  FRAGMENT  EJECTION  CHARACTERISTICS 

(POLAR  ANGLE  &  VELOCITY) 

FOR  AN  80-LB  SOLID  WARHEAD 

Having  an  8-inch  O.D.  x  2-inch  I.D.  x  15-inch  long  x  0.460-inch  case  thickness, 
and  containing  preformed  hex-HIBAL  fragments  sandwiched  between  an  outer  skin  of 
0.030-inch  thick  steel  and  an  inner  skin  of  0.010-inch  thick  steel. 

Prediction  is  based  upon  the  data  acquired  in  Test  No.  QN0319A0. 
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FIGURE  3.4.1 
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PREDICTED  FRAGMENT  EJECTION  CHARACTERISTICS 

(POLAR  ANGLE  &  VELOCITY) 

FOR  A  135-lb  SOLID  WARHEAD 

Having  an  11.5-inch  O.D.  x  2.88-inch  I.D.  x  14-inch  long  x  0.51-inch  case 
thickness,  and  containing  preformed  hex  HIBAL  fragments  sandwiched  between  an 
outer  skin  of  0. 015-inch  thick  steel  and  an  inner  skin  of  0.010-inch  thick  steel. 
Prediction  is  based  upon  the  data  acquired  in  Test  No.  QN0514A0. 
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FIGURE  3.4.2 
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PREDICTED  FRAGMENT  EJECTION  CHARACTERISTICS 

(POLAR  ANGLE  &  VELOCITY) 

FOR  A  200-LB  SOLID  WARHEAD 

Having  an  11.5-inch  O.D.  x  2.88-inch  I.D.  x  18.38-inch  long  x  0. 573-inch  case 
thickness  and  containing  preformed  hex  HIBAL  fragments  sandwiched  between  an  outer 
skin  of  0. 015-inch  thick  steel  and  an  inner  skin  of  0.010-inch  steel. 

Prediction  is  based  upon  the  data  acquired  in  Test  No.  QN0429A0. 
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FIGURE  3.4.3 
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VELOCITY 

(ft/sec) 


FOR  A  200-LB  ANNULAR  WARHEAD 


Having  a  19-inch  O.D.  x  10.6-inch  I.D.  x  11.5-inch  long  x  0.46-inch  case 
thickness  and  containing  preformed  hex-HIBAL  fragments  sandwiched  between  an  outer 
skin  of  0.030-inch  thick  steel  and  an  inner  skin  of  O.OIO-inch  thick  steel. 

Prediction  is  based  upon  an  extrapolation  of  the  preformed  fragment  data  in 
Test  No.  QN0409A0. 
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FIGURE  3.4.4 
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FRAGMENT  EJECTION  CHARACTERISTICS 

(POLAR  ANGLE  &  VELOCITY) 

FOR  AN  80-lb  SOLID  (fireformed  fragment)  WARHEAD 


Having  an  8-inch  O.D.  x  2-inch  I.D.  x  15-inch  long  x  0.438-inch 
case  thickness.  Prediction  is  based  upon  data  acquired  in  Test 
QN0225A0. 
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FIGURE  3.4.5 
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FRAGMENT  EJECTION  CHARACTERISTICS 

(POLAR  ANGLE  &  VELOCITY) 

FOR  A  135-LB  FI  REFORMED  FRAGMENT  WARHEAD 

Having  a  11.5-inch  O.D.  x  14-inch  long  x  2.88-inch 
I.D.  x  0.5-inch  case  thickness. 

Prediction  is  based  on  data  acquired  in  Test  QN0311A0 
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FIGURE  3.4.6 
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FRAGMENT  EJECTION  CHARACTERISTICS 

(POLAR  ANGLE  &  VELOCITY) 

FOR  A  200-lb  (fireformed  fragment)  SOLID  WARHEAD 


Having  a  11.5-inch  O.D.  x  2.88-inch  I.D.  x  20-inches  long 
0.563-inch  case  thickness. 

Prediction  is  based  on  an  extrapolation  of  the  data  from 
Test  QN0328A0 
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FIGURE  3.4.7 
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(POLAR  ANGLE  &  VELOCITY) 

FOR  A  200-lb  ANNULAR  WARHEAD 


With  a  19-inch  0.0. ,  10.6-inch  I.D.,  11-inches  long  and 
a  0.5-inch  case  thickness,  curves  are  extrapolated  from 
data  obtained  in  Test  QN0409A0 
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FIGURE  3.4.8 


TABLE  3.3.9 
DESIGN  FOR  WARHEADS 
USING 

PREFORMED  HEX  HIBAL  FRAGMENTS 


O.D. 


I.D. 


LENGTH 


OUTER  SKIN  THK 


INNER  SKIN  THK 


S  &  A  TUBE  THK 


END-PLATE  THK. 


FRAGMENT  DETAILS 


500- 

grain 


700- 

grain 


900- 

grain 


THICKNESS 


WIDTH 


NO.  OF  ROWS 


TOTAL  NO. 


THICKNESS 


WIDTH 


NO,  OF  ROWS 


TOTAL  NO. 


THICKNESS 


WIDTH 


NO.  OF  ROWS 


TOTAL  NO. 


MATERIALS 


OUTER  SKIN 


INNER  SKIN 


S  &  A  TUBE 


END  PLATES 


HIGH  EXPLOSIVE 


FRAGMENTS 


BOOSTER  DETAILS 


LOCATION 


i  n  mi  mi 


15.2 


0.025 


0.010 


0.063 


0.125 


0.42 


0.875 


25.0 


18.0 


450.0 


.42 


1.0 


16.0 


352.0 


0.42 


11.5 


2-7/8 


14.0 


0.015 


0.010 


0.063 


0.125 


0.485 


0.813 


40.0 


18.0 


720.0 


0.485 


0.938 


35.0 


11.5 


2-7/8 


18-3/8 


0.015 


0.010 


0.063 


0.125 


0.548 


0.75 


43.0 


27.0 


1161.0 


0.548 


0.875 


3 


19-inch  x 
200- lb 


19.0 


10.5 


11.5 


0.030 


0.010 


N/A 


0.125 


0.42 


0.875 


65.0 


15.0 


975.0 


0-42 


1.0 


TO  BE  DETERMINED 


SAE  4130  ALLOY  STEEL,  OIL  QUENCHED  FROM  1550°F, 
DRAW  AT  800 °F  to  RC42 


AT  ONE  END 


TO  BE  DETERMINED 


SIZE 


END-RING  HOOPS 


MILD  STEEL 


0.375 

0.25 

0.56 

0.44 

ALL  DIMENSIONS  ARE  IN  INCHES. 
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TABLE  3.3.10 
DESIGN  FOR  WARHEADS 
USING 


FI  REFORMED  HIBAL.  FRAGMENTS 


ITEM 

8-inch  x 
80-lb 

11.5-inch  x 
135-lb 

11 . 5-inch  x 
200-lb 

19-inch  x 
200- lb 

DIMENSIONS 

11.5 

11.5 

O.D. 

8.0 

I.D. 

2.6 

" _ 2.-88 

_ .2.S8 

iflHSKKSf 

CASE  THK. 

0.438 

—  11  1  U 

0.563 

0.500 

S  &  A  TUBE  THK. 

0.063 

0.063 

0.063 

N/A 

END-PLATE  THK. 

0.125 

0.125 

0.125 

0.125 

f 

RAGMENT  DETAILS* 

INTENDED 

WEIGHT 

LONGITUDINAL  GROOVES 

500- 

grain 

DEPTH,  INSIDE 

0.110 

0.140 

0.170 

0.140 

OUTSIDE 

0.110 

0.140 

0.170 

0.140, 

SPAC I  NG~(  I  NS  I DE  ) 

0.799 

0.767 

0.741 

0.808 

CIRCUMFERENTIAL  GROOVES 

DEPTH,  INSIDE 

0.115 

0.115 

0.115 

0.115 

OUTSIDE 

0.205 

0.285 

0.350 

0.285 

SPACING  flNSIDET- 

0.833 

0.824 

0.769 

0.786 

FRAGMENES  PER  ROW 

28.0 

43.0 

44.0 

70.0 

NUMBER  OF  ROWS 

18.0 

17.0 

26.0 

14.0 

TOTAL  NO.  OF  FRAGMENTS 

504.0 

731.0 

1144.0 

980.0 

INTENDED 

WEIGHT 

LONGITUDINAL  GROOVES 

700- 

grain 

DEPTH,  INSIDE 

0.110 

0.140 

0.170 

0.140 

Outside 

0.110 

0.140 

0;  170 

0.140 

SPACING  TINSIDET 

0.895 

0.892 

0.858 

0.942 

CIRCUMFERENTIAL  GROOVES 

DEPTH,  INSIDE 

0.115 

0.115 

0.115 

0.115 

OUTSIDE 

0.205 

0.285 

0.350 

0.285 

SPACING  ONSIOD 

1.0 

0.933 

0.909 

0.917 

FRAGMENTS  PER  ROW 

25.0 

37.0 

38.0 

60.0 

NUMBER  OF  ROWS 

15.0 

15.0 

22.0 

12.0 

TOTAL  NO.  OF  FRAGMENTS 

375.0 

555.0 

836.0 

720.0  1 

INTENDED 

WEIGHT 

LONGITUDINAL  GROOVES 

DEPTH,  I NSTDE~ 

0.110 

0.140 

0.170 

0.140 

900- 

wsrnr~ 

0.110 

0.140 

0.170 

0.140 
.  1  Ml 

'TPACWT  [I  NSTorr 

1.017 

1.000 

0.959 

CIRCUMFERENTIAL  GROOVES 

grain 

“DEPTH,  INSIDE 

0.115 

0.115 

0.115 

_  0.115 

OUTSIDE 

0.205 

0.285 

0.350 

_ 0.285 

“SmclNG  HNSIDET- 

1.154 

1.077 _ | 

1.000 

1  JQQ_ 

FRAGMENTS  PER  ROW 

22.0 

33.0 

34.0 

_  .54,0 

NUMBER  OF  ROWS 

13.0 

13.0 

20.0  '  , 

10.0 

TOTAL  NO.  OF  FRAGMENTS 

286.0 

429.0 

680.0  1  540.0  1 

MATERIALS 

ALL  FIREFORMED  FRAGMENTS  MADE  OF  4130  STEEL, 
QUENCHED  AND  DRAWN  TO  RC42 

WARHEAD  CASE 

S  A  A  TORE 

END-PI  ATrS  - 

RTGI!  EXPl.OSTVr - J 

MILD  STEEL 

*  THE  INCLUDED  ANGLE  OF  ALL  GROOVES  IS  TO  BE  37°,  ALL  DIMENSIONS  ARE  IN  INCHES. 
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